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Summary: Till deposits with lenses of sorted material in the vicinity of Stockholm 


Lenses of sorted material consisting of fine sand, sand and gravel are common in 
tll deposits. In the vicinity of Stockholm a number of sections in till deposits have been 
studied. Most of these are located either on the stoss sides or on the lee sides of knobs 
of bed-rock in relation to the last ice movements. 

All the sections on lee sides are characterized by the presence of till with lenses of 
sorted material. These deposits are complex and of various kinds. The till proper is 
unconsolidated and commonly includes portions of incompletely sorted material. 
Sorting of this till is somewhat better than on the stoss sides (figs 3 and 7). The lower 
percentage of fine-grained fractions shows that the material has not been transported 
any great distance in the ice. Many sections on the lee sides show till-with-lenses 
covered by real lodgement till. The latter is compact (hard packed), shows foliation 
and is lens-free. In all the sections on stoss sides has only the latter type of till been 
observed. 

The genesis of the various deposits in which till-with-lenses has been found is discus- 
sed. It is assumed that the till-with-lenses at locality 1 (fig. 2) and other similar sec- 

_tions is due to deposition at the margin of an advancing ice sheet, the lenses of sorted 

material representing marginal meltwater streams. Subsequently, such deposits were 
shielded in some way from erosion by the ice and became progressively covered by a 
hard packed, foliated lodgement till. 

The orientation of boulders at locality 1 (fig. 2) shows that the till-with-lenses at 
this locality has been deposited during an ice movement directed about S 30° E, whilst 
the upper part of the hard packed and foliated lodgement till has been deposited 
during an ice movement directed about SSW. According to the examination of glacial 
striae in the vicinity of Stockholm, the latter movement must be much younger than 
the former. 

At some localities large lenses were found almost in direct contact with the bed-rock. 
Such may be relict from sorted sedimentary layers deposited outside the ice and later 
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overridden by it. At one locality (10) the sorted material was very fine-grained, hard 
packed and with contorted strata (fig. 11). The small portion (“boulder”) of till with 
very fine sand and silt at locality 1 (figs 2 and 15) also shows that fine-grained 
sedimentary layers have been overridden and partly taken up by the ice. At other 
localities where overlying lodgement till is lacking, the till with lenses could have been 
deposited much later, for example at the ice-margin during the shrinkage of the ice. 
The section shown in fig. 8 is of this type, though one of the lenses here is unusually 
large. 

A more detailed explanation of the genesis of such deposits requires consideration 
of the following features. 1. Dead-ice and dead-ice deposits in lee places. 2. Uplift of 
the ice margin in water. 3. Marginal drainage. 4. Lenses as primary or secondary 
deposits, in the latter case the lenses are “boulders” in the till. 

In conjunction with the till deposits with lenses of sorted material on the lee sides 
in the vicinity of Stockholm some other groups of till deposits, in which lenses are 
generally met with, are discussed. These include till deposited by dead-ice, super- 
glacial till, till deposited in conjunction with eskers and till in end moraines. Since 
lenses of sorted, permeable material in till can be of importance for the present-day 
circulation of water in the ground, the knowledge of such deposits can be of practical 
value. 

A detail, often seen in till deposits, is a thin (1/2—1 cm) mantle of sorted sand-fine 
sand in direct contact with the surface of the boulders. Such mantles are assumed to 
have been formed in a thin layer of water between the ice and the surface of the 
boulders. The melting of the ice close to boulders should, in accordance with the 
physical theory of elasticity, be a result of an increase of pressure in the ice close to 
boulder surfaces. 


Foreliggande uppsats bygger framst pa material, som insamlats 1 samband 
med arbetet pa det nya geologiska kartbladet Stockholm NO. 

Moranavlagringar ar sa mangskiftande och kan behandlas ur sa manga olika 
synpunkter, att det ibland blir néddvandigt eller fordelaktigast att anvanda nya 
termer. Detta ar bakgrunden till att jag i denna uppsats anvander en ny term 
(lalinsmoran) samt diskuterar bruket av en annan, i Sverige vedertagen sa- 
dan (Kalixpinnmo). I anslutning till morannomenklaturfragorna bor man 
uppmarksamma innebérden av termen mordan i olika lander. Det svenska bru- 
ket av denna term torde vara det mest praktiska, men det kan kanske anses 
vara historiskt tvivelaktigt och aven vilseledande for utlaéndska lasare (Flint 
1947, p. 126, not; 1957, p. 130, not). I Nordamerika, England, Tyskland m. fl. 
lander anvands termen moran vid benamning av moranens avlagringsformer, 
olika moranbankar (t. ex. tillhérande ett visst glaciationsskede), annu icke av- 
lagrad moran etc., men daremot vanligen icke vid bendmning av mordnjord- 
artstyperna. Som férhallandena nu ar, bér man t. ex. vid éversattning till eng- 
elska anvanda termen till nar man betecknar jordarten och termen morai- 
ne i andra sammanhang. 

Det har lange varit kant, att linser av sorterat material kan forekomma i mo- 
ran. Moran med dylika linser (nedan ibland kallad linsférande moran) synes 
vara sarskilt vanlig i lalagen, sett i forhallande till de sista isrérelseriktningarna. 
Vid arbetet pa kartbladet Stockholm NO har utpraglad linsférande moran an- 
traffats sa gott som enbart i dylika lalagen. Dessa lagesbundna, komplexa av- 
lagringar har i denna uppsats sammanforts under beteckningen 14linsmo- 
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raner. Innan dessa beskrives, kan det vara befogat att inledningsvis i nagon 
man behandla linsférande moran i allmanhet. 

Grus-, sand- och molinser i moran kan nastan anses som ett normalt drag i 
moranens inre byggnad (G. Lundqvist 1940, p. 29). Det kanske bér tillaggas, 
att begreppet moran da far tagas i dess vidaste bemirkelse. En kort éversikt av 
regionala iakttagelser visar, att linsférande moraner patraffats nastan dverallt 
i landet. I Bergslagens moraner 4r linserna en vanlig foreteelse (l.c.). For Vas- 
terbottens lan nedanfor odlingsgransen, hela Kopparbergs och hela Varmlands 
lan galler samma sak (Granlund 1943, p. 43; G. Lundqvist 1951, p. 56; J. 
Lundqvist 1958, p. 59). Vid Sveriges geologiska unders6knings regionala jord- 
artskarteringar i Norrbotten, Gavleborgs och Jamtlands lan har samma f6rhal- 
lande konstaterats (Fromm, G. Lundqvist och J. Lundqvist). En mangd av 
uppgifter om linsf6rande moraner finns fran skilda delar av Norrland, dar 
Sveriges geologiska undersdékning utf6rt speciella arbeten 1 samband med vat- 
tenkraftens utbyggnad. I dédismoran 4r linser en mycket vanlig foreteelse (se 
t. ex. Mannerfelt 1945). Fran skilda delar av sddra Sverige foreligger likaledes 
manga observationer av linsf6rande mordaner. 

Linserna i mordnen 4r i stort sett horisontellt orienterade. Enligt G. Lund- 
qvist (l.c.) ligger de oftast konformt med markytan. De ar vanligen av obetyd- 
lig storlek. Mer 4n metermaktiga linser med Atskilliga meters utstrackning kan 
dock forekomma. I speciella fall (se sid. 193) ar utstrackningen i horisontell led 
av sadan storleksordning, att man kan tala om verkliga lager. 

G. Lundqvist (1940, p. 31 och 1951, p. 32) har publicerat ett 20-tal me- 
kaniska analyser av materialet i grus-, sand- och molinser. Dessa analyser och 
de i fig. 3 atergivna kan belysa, att materialet i linserna i regel ar val sorterat. 
Detta har otvivelaktigt sorterats av rinnande vatten. Da det galler att narmare 
forklara linsernas upptradande och bildningssatt kommer ett flertal olika m6j- 
ligheter i fraga. Sakerligen ar det ocksa av flera olika orsaker som lagerfoljder 
av denna typ bildats. 

L. von Post (1929, pp. 39 f.) omnamnde linsforande, submarint bildade mo- 
ranlagerfoljder fran vastra mellersta Sverige och anvande darvid uttrycket 
»blandad moran». Som en forklaring till dessa lagerfoljder tankte sig von Post, 
att isens randpartier narmast fore istackets bortsmaltande mangenstades lyfts 1 
det vatten i vilket de slutade. I sa uppkomna mellanrum mellan isen och dess 
underlag skulle moranmaterial ha sorterats av utat strommande smialtvatten. 

Med utgangspunkt fran Bergslagens moraner utskilde G. Lundqvist (1940, 
pp. 29 ff.) tva huvudtyper i mordnens inre struktur: linser och pressningsfeno- 
men. De forra ar enligt G. Lundqvist betingade av smAltvattnets verksamhet. 
_ Nagon narmare forklaring till linsernas upptradande gav G. Lundqvist ej i det 
citerade arbetet. Men man kan forsta, att de linsforande lagerfoljderna av G. 
Lundqvist Atminstone till en del tanktes héra ihop med vad han kallade »in- 
traglaciala dédisar» eller ispartier, som p. g. a. hog moranhalt fatt rérelsef6r- 
magan starkt nedsatt (op. cit., p. 34 och p. 38; jfr G. Lundqvist 1957, p. 323). 
-Dessa déda eller nastan déda partier i isen skulle ha funnits »i vissa lagen, 
angst ned i dalstraken, i lalagen etc.». I sadana lagen finner man enligt G. 
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Lundqvist den lést lagrade, icke pressade moranen. Nar G. Lundqvist (1951, 
p. 56) cirka 10 ar senare berérde fragan om hur de linsforande moranlager- 
fdljderna bildats, var han nagot tveksam om svaret. G. Lundqvist diskuterar 
tva méjligheter. Antingen har materialets sortering skett ytligt eller ocksa inuti 
lagerfoljden (inne i isen). I det férstnamnda fallet skulle den linsforande la- 
eerfoljden ha uppbyggts av »flera baddar eller skallor, vilka skjutits pa var- 
andra». Linserna borde dock ha varit stérre om lagerféljden uppkommit pa 
detta sitt. Bl. a. av denna orsak holl G. Lundqvist det for »icke osannolikt, att 
sandlinserna bildats inuti lagerféljden». De skulle ha bildats »just da isskikt 
smalt bort och korta, 6ppna kanaler kortvarigt statt 6ppna innan huvudmas- 
san satt sig». G. Lundqvist menade dock, att det var forvanande om sa korta 
lopp méjligejort en sa noggrann sortering och tillade darfér, att denna »maste 
ha agt rum tidigare, kanske pa isen». I ett senare arbete, dar G. Lundqvist 
(1958, pp. 14 f.) berér de linsforande moranlagerféljderna, namnes icke den 
sistndmnda teorin om bildningssattet. Harom sages pa det anforda stallet en- 
dast att linserna troligen har »bildats i samband med isens framryckning 6ver 
ett redan avsatt sedimenttacke». Frusna sedimentlager skulle ha rivits sonder 
av isen och som brottstycken kommit in i den osorterade moranmassan. 

I Varmland (J. Lundqvist 1958, pp. 59 ff.) forekommer férutom de vanliga 
smarre linserna stérre, mera uthalliga sadana ganska allmant. J. Lundqvist an- 
tar, att linsernas st6rre uthallighet och flerstades rikliga upptradande betingas 
av att omradets talrika, djupa sprickdalar bidragit till att 6ppna kanaler med 
smaltvattenstrommar latt uppkommit inne 1 isen. Enligt J. Lundqvist ar dessa 
storre linser ofta veckade, vilket visar att avsattningen skett 1 en levande is. Vi- 
dare urskiljer han, som en speciell typ bland de linsforande mordanlagerf6lj- 
derna, sadana med talrikt forekommande sandiga och grusiga linser i anslut- 
ning till supramarina isalvsavlagringar 1 norra Varmlands dalgangar. Mellan 
denna lagérfoljdstyp och rena isalvsavlagringar finns kontinuerliga 6vergangs- 
former. Maktiga och uthalliga sand- och grusinlagringar i moran patraffas sar- 
skilt i ssdra Varmland (J. Lundqvist l.c.), alltsa i submarin bildningsmilj6. Med 
tanke pa utbredningen haller J. Lundqvist den av von Post (1929) lamnade 
framstallningen om bildningssattet (se ovan sid. 171) for dessa submarina av- 
lagringar for trolig. J. Lundqvist tillagger dock, att i manga fall ingar sakerli- 
gen ocksa sediment, som avsatts omedelbart framfér iskanten. Som ett ytterli- 
gare stod for von Posts tolkning anfores, att avlagringstypen ifraga »gadrna 
upptrader pa sydanden av en héjd. Detta lage bér ha varit sarskilt gynnsamt 
for uppkomsten av glapprum mellan isen och dess underlag». 

J. Lundqvist (I.c.) betecknar den ovan omtalade morantypen som en 6ver- 
gangsform mellan de linsférande moranerna och den s. k. Kalixpinnmon, allt- 
sa avlagringar som huvudsakligen utgdrs av sorterade jordarter — i regel mo 
— vilka vid isframstétar i stérre eller mindre grad stérts och f4tt materialtill- 
skott fran isen (Beskow 1935, p. 123; G. Lundqvist 1943, p. 126: Hoppe 1948, 
pp. 67 ff.; J. Lundqvist, l.c.). Rent allmant kan s. k. Kalixpinnmo Atminstone 
ur sammansattningssynpunkt sagas sta nara de rikligt linsférande moranerna. 
Jag vill darfor i detta sammanhang ta upp en nomenklaturfraga. 
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I svensk kvartargeologisk litteratur ar beteckningen Kalixpinnmo vedertagen 
och ofta anvand. Darfor kan man, trots att beteckningen av flera skal! maste 
anses vara mindre lamplig — vid vissa arbeten direkt olamplig — knappast 
tanka sig att utan olagenheter ersdtta den med en ny term. Det adr daremot 
mojligt att placera s. k. Kalixpinnmo under en stérre gruppbeteckning och bi- 
behalla beteckningen Kalixpinnmo endast fér den ursprungliga- avlagringsty- 
pen. Pa sa vis kunde man férhindra att denna beteckning sprides att omfatta 
alla liknande bildningar. Vidare skulle man f4 en mdjlighet att dA s&A anses néd- 
vandigt eller 6nskvart undvika beteckningen Kalixpinnmo. Fragan ar nu vilken 
gruppbeteckning man skulle valja. Fér avlagringar, som genetiskt sett ar att 
hanfora till moran, men som ur sammansattningssynpunkt narmast 4r eller 
narmar sig sorterade jordarter, kan man anvanda gruppbeteckningen of ul/- 
standig mor4dn. Ur genetisk synpunkt kan man skilja pa tre huvudtyper 
av ofullstandig moran. 1. Lokalmoran av résbergsmorankaraktar, d. v. s. isen 
har brutit i fast berg men endast i ringa grad transporterat och bearbetat ut- 
gangsmaterialet. 2. Lokalmoran ay vissa sedimentara bergarter. Isen krossar 
ned ett enhetligt utgangsmaterial till en moran med relativt hg sorteringsgrad 
och denna moran avlagras innan den blandas med annat bergartsmaterial. 3. 
Lokalmoran som bildats huvudsakligen pa bekostnad av sorterade jordarter. I 
detta fall kan det vara svart att avgdra om det sorterade materialet ursprung- 
ligen avsatts utanf6r en iskant eller om det bildats subglacialt i nara genetiskt 
sammanhang med mordanen. 

Det foreligger alltsa viktiga principella skillnader mellan de tre namnda fal- 
len och lampliga beteckningar f6r olika hithorande mordaner far valjas fran fall 
till fall beroende pa sammanhanget. Det som har ar aktuellt att diskutera ar 
fragan hur man lampligen bér benamna mordner av den tredje huvudtypen. 
Bland svenska kvartargeologer ar det ganska vanligt, att man anvander termen 
sediment som synonym till sorterade jordarter. Med hansyn till termens an- 
vandning i allman geologi och i utlandsk kvartargeologi maste det tyvarr anses 
olampligt att anvanda termen sediment 1 den namnda begransade betydelsen. 
Om s8 ej vore fallet skulle man med ett gemensamt namn kunna kalla de ofull- 
standiga mordner, som bildats pa bekostnad ay sorterade jordarter, f6r sedi- 
mentmoraner. I vissa sammanhang anvander man termen oscillationsmoran for 
hith6rande bildningar. Denna term sager, att avlagringen ifraga bildats vid en 
isoscillation, men ej att avlagringen bildats pa bekostnad av sorterade jordar- 
ter. Oscillationsmoraner kan lika garna ha bildats av t. ex. tidigare avsatta mo- 
raner. Nar man vill dela upp sadan ofullstandig moran, som bildats pa bekost- 

‘nad av sorterade jordarter, synes det vara lampligast att forfara pa samma satt 
som vid uppdelningen av normala mordner, d. v. s. den eller de korngrupper, 
som dominerar materialet, anges med adjektivbestamningar. En ofullstandig 

- moran, som huvudsakligen bestar av t. ex. grovmo, skulle da benamnas ofull- 

standig grovmoig moran. Det kanske kan invandas, att enar man for normala 


1 Bl. a. ar den folkliga benamningen pinnmo i storre delen av Jandet sedan gammalt i huvud- 
sak bunden till de packade osorterade bottenmoranerna, alltsa jordarter, som sa val till fysika- 
-_liska egenskaper som till bildningssattet ar helt skilda fran s. k. Kalixpinnmo,. 
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osorterade moraner med adjektivbestamningar endast anger de dominerande 
korngrupperna och sedan underférstar de 6vriga, sa kan detta skrivsatt vara 
vilseledande, nar det giller ofullstandiga moraner. For undvikande av missfor- 
stand skulle man i det senare fallet kunna lata den dominerande korngruppen 
ing& i substantivet, t. ex. ofullstandig grovmomoran. Som ett exempel pa en 
annan typ av ofullstandig moran kan vissa delar av den lagbaltiska moranleran 
i sydvastra Skane namnas. Denna 4r delvis lik en sedimentar lera och till stor 
del m&ste den ocks& ha bildats pa bekostnad av tidigare avsatt lera (se t. ex. 
Maller 1959 samt dar anférd 4ldre litteratur). PA sid. 196 omtalas en annan, i 
ett avsnitt av en moranskarning i Stockholmstrakten, patraffad typ av ofull- 


standig moran. 


Lalinsmoran 


LOKALBESKRIVNINGAR 


Komplexa avlagringar med moran och i denna mer eller mindre rikligt fore- 
kommande linser av sorterat material har flerstades patraffats pa bergens och 
hallarnas lasidor, sett i forhallande till de sista isrorelseriktningarna. For dylika 
lagesbundna avlagringar anvandes nedan termen 1alinsmoran., 

Lalinsmoran 4r i regel lost lagrad. Inslag av ofullstandigt sorterade partier 1 
den osorterade moranmassan ar vanliga i lalinsmoran. I de inom undersok- 
ningsomradet patraffade lalinsmoranerna har den egentliga osorterade moran- 
massan haft en nagot hdgre sorteringsgrad an den omgivande moranen, som 
icke ligger i lalage. Termen lalinsmoran ar med avsikt vald sa, att den endast 
skall kunna anvandas for sadana bildningar pa bergens och hallarnas lasidor 
(eller andra lalagen), som har de namnda kannetecknen, linser etc. De 6vre 
delarna av moranavlagringarna pa lasidorna utgérs namligen ofta, atminstone 
inom har undersokt omrade, av en helt annan morantyp; hart packad, linsfri 
moran, ofta med tydlig presstruktur. Med andra ord kan man saga, att en mo- 
ranavlagring pa en lasida (t. ex. Crag and tail) till en viss del kan utgdras av 
lalinsmoran. 

Termen lAdmoran (lasidesmordan), som kanske hade varit att f6- 
redraga fore termen 1alinsmor4n, har tidigare anvants for moradnavlag- 
ringar 1 sin helhet pa lasidor (t. ex. Munthe 1906, p. 76 och 1928, p. 88; Bjér- 
sj6 1949). Aven om man darvid for lamoranens inre byggnad angett vissa sar- 
drag (Bjorsj6 1949), som till en del 6verensstammer med lalinsmoranens, har 
termen framst varit bunden till avlagringen i sin helhet. Bjérsj6 anvande be- 
teckningen lamoran for de forst av Hessland (1942, 1943) beskrivna glacigena 
proximalavlagringarna (»hydrodynamisch angereicherte glazigene Grobsedi- 
mente»), som forekommer pa lasidor i vissa av Bohuslans sprickdalar. 

Pa fig. 1 har laget for ett antal lokaler med moranskarningar markerats. I 
stort sett galler att bergens och hallarnas sydsidor varit lasidor, sett i f6rhallan- 
de till de sista isrérelserna (jfr sid. 191). Inom omrAdet har lalinsmorin fére- 
kommit i samtliga pa lasidor patraffade stérre moranskarningar. I skarningar- 
na 1 stotsidornas och annan i icke lalage liggande moran (med undantag for 
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Fig. 1. Karta 6ver numrerade lokaler med moranskarningar. 


L = Moran med linser ay sorterat material forekommer i lalage (lalinsmoran), sett i for- 


hallande till de sista isr6relseriktningarna. 
S = Mordnen pa st6tsidan ay en hall eller berghéjd ar hart packad bottenmoran utan linser 


av sorterat material. 


Map of localities with sections in till deposits. 
L = Till with lenses of sorted material found on the lee sides of rocky knolls. 
S' = The till on the stoss side is hard packed and lacks lenses of sorted material. 


-andmordaner och invid isalvsstrak avsatt moran) har linsforande moran dar- 
emot icke patraffats. Bortsett fran ytskiktet med svallad moran har moranen i 
de sistndamnda skarningarna nastan genomgaende utgjorts av hart packad, san- 
dig-moig moran, ofta med tydlig presstruktur. De pa fig. | markerade lokalerna 
med moranskarningar redovisas nedan. I samtliga fall galler det normalblockig 
eller blockfattig urbergsmoran med hogst 4 dm maktigt svallat ytskikt. Ett L 
efter lokalnumret anger att lalinsmoran forekommer, ett S att hard, linsfri mo- 


ran av bottenmorantyp forekommer pa st6tsidan. 
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Lokal 1 (L och S). Skarning 900 m N om Roslags Nasby stn. En uppmatt 
profil aterges i fig. 2. Figurtexten kompletteras med nedanstaende. Pa figuren 
har endast de storre linserna i lalinsmoranen medtagits. I lalmsmoranens egent- 
liga moranmassa fanns aven smarre linser. Linsmaterialets hoga sorteringsgrad 
framgar av kurvorna for proverna 67 och 68 (fig. 3).1 Sanden och grovmon 1 
de stérre linserna var strémskiktad och granserna mellan olika lager i en och 
samma lins var val bevarade (fig. 4). Direkta deformationer eller skiktstorning- 
ar kunde ej iakttagas i linserna. Gransen mellan lalinsmoranen och den over- 
lagrande moranen var nagot flytande, dock ej diffus. Lalinsmoranens moran- 
massa har, i motsats till den ovanliggande moranen, dels lag packningsgrad, 
dels lagre halt av mjala och ler. Lalinsmoranens sorteringsgrad ar hogre an den 
ovanliggande moranens. Jamféres ]élinsmoranens moranmassa med stotsidans 
moran blir motsatsforhallandet 4n mera utpraglat. Det sagda illustreras av kur- 
vorna fér proverna 69—71 och 64 (fig. 3). Fig. 5 visar ett avsnitt med den 
mycket hart packade, sandiga-moiga moranen pa stotsidan. 

Vid langdmattet 50 m fanns ett nagra meter langt snitt, som gick vinkelratt 
mot den i fig. 2 Atergivna profilen. I det ungefar i O—V utstrackta snittet, vil- 
ket ej Atergetts i profilen, framtradde presstrukturen 4n tydligare an i det i 
ungefar N—S utstrackta snittet. I vinkelstallda snitt pa hallens nordsida kunde 
samma forhallande konstateras, likasa i skarningen vid lokal 19 (se nedan). 

Grusskiktet mellan Jangdmatten 56 och 64 m samt det mellan langdmatten 
58 och 60 m forekommande partiet med finmoig-mjalig moran (fig. 2) har 
intet samband med lalinsmoranen. Dessa f6reteelser samt lagerf6ljden 1 vinkel- 
snittet vid langdmattet 60 m behandlas darf6r separat pa sid. 196—200. 

Lokal 2 (L). Mordnskarning 1 V—O pa sydsidan av en hall 1 100 m NV om 
Danderyds k:a. Den genomskurna sandiga-moiga moranen var 3 m maktig, 
hade normal block- och stenhalt samt var mycket lést lagrad. I hela skarningen 


1 Fér undvikande av forvaxlingar anvands har de provnummer, som giller i det stérre mate- 
rial, fran vilket proverna hamtats. 


> 
Fig. 2. Profil vid lokal 1, 900 m N om Roslags Nasby stn. 


Profilen far representera det flerstades iakttagna férhallandet med lést lagrad, av grus-, 
sand- och molinser uppspaltad moran pa hiallarnas lasida, sett i férhallande till de sista isrérelse- 
riktningarna. Dylika komplexa avlagringar har har bendmnts 14linsmordan. I profilen 
ovan samt i flera andra av de pa fig. 1 med L markerade skarningarna utgors de ytligare delarna 
av moranavlagringen pa lasidan ay hart packad moran, vilken saknar linser och i stor utstrack- 
ning visar presstruktur. Detta ar en typisk bottenmoran. Samma mordntyp, ehuru Annu hardare 
packad, finns pa stdtsidan (jfr fig. 5). 

Grusskiktet i lagerféljdens 6vre del mellan langdmatten 56 och 64 m samt det mellan langd- 
matten 58 och 60 m férekommande partiet med finmoig-mjalig moran har intet samband 
med lalinsmoranen och omtalas narmare i texten (sid. 196—200). 

Analyser av i profilen tagna prover redovisas i fig. 3 och fig. 16. 

De infallda rosdiagrammen visar blockens orientering i de avsnitt till vilka pilarna dragits. 
Antal block i varje bestamning = 100. Cirklarna markerar 10 %. 


In the investigated area this section at locality I (fig. 1) may represent a common type of section in crag 

and tail. In the Swedish text till with lenses of sorted material on lee sides has been called »lélinsmorin». 

The thin stratum of gravel between 56 and 64 m and the little portion of till between 58 and 60 m do not 

belong to the »ldnslinsmorén» (compare figs 14, 15 and 16). The curves in figs 3 and 16 show the com- 

position of the samples. The long-axis diagrams show the orientation of boulders at the two points marked 
with arrows. The circles mark 10 %. 
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Fig. 3. Kumulativdiagram 6ver korngruppsfordelningen i jordprover fran profilen vid lokal 1 

(se fig. 2). Kurvorna for proverna 67 och 68 visar linsmaterialets héga sorteringsgrad. 
Lalinsmoranens egentliga moranmassa (69) har hdgre sorteringsgrad (lagre halt av fin- 

material) 4n den 6verlagrande moranen pa lasidan (64 och 70) och st6dsidans moran (71). 


Cumulative diagram showing the composition of samples in the section at locality I (fig. 2). 


= ae #3 ae 
Foto H. Moller 1959, 
Fig. 4. Detalj i lalinsmoranen vid lokal 1 (jfr fig. 2). Ovan den streckade linjen ligger 6verst 
hart packad bottenmoran, darunder lalinsmoranens egentliga moranmassa. Under linjen en 


komplex grus-, sand- och grovmolins. Den skiktade sanden till héger ligger med en skarp grans 
direkt pa skiktad grovmo (den ljusa ytan i hogra hornet). Mattstocken ar 24 cm lang. 


Detail in the section at locality 1 (fig. 2). Above the broken line: till. Beneath the line: a lens of sorted 
gravel and sorted, stratified sand and very fine sand. The stick is 24 cm in length. 


' 
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Fig. 5. Ett 1 O—V utstrackt avsnitt av skarningen pa st6tsidan vid lokal 1 (jfr fig. 2). N ar 
at héger pa bilden. Mordnen var har en mycket hart packad bottenmoran med presstruktur 
(ej synlig pa bilden) samt helt i avsaknad av linser. Moranen har pressats in under den mot N 

buktande hallytan. Kurvan for prov 71 i fig. 3 visar moranmassans sammansiattning. 


Kery hard packed lodgement till on the stoss side at locality 1 (fig. 2). The till in all sections on stoss side 
in the investigated area is of this type and lacks lenses of sorted material. 


fanns rikligt med mer eller mindre horisontella sand- och gruslinser, 1 maktig- 
het vaxlande mellan 1—4 dm. Fig. 6 visar ett avsnitt ay skarningen. Prov 35 
(fig. 7) taget 2 m u. y. visar moranmassans sammansattning. Moranmassan 
hade stallvis hégre sorteringsgrad 4n prov 35 visar. 

Lokal 3 (L). Skaérning 250 m S om Enebybergs hpl. En i N—S utstrackt 
moranrygg pa sydsidan av en stor hall (crag and tail) ar genomskuren av ett 
ca 30 m langt snitt utstrackt i NV-—SO. Under ytskiktet (ca 3 dm) med sval- 
lad moran finns i hela skarningen hart packad, sandig-moig moran med press- 
struktur synlig i de 6vre delarna. Fran 1—1.5 m under markytan och nedat ut- 
gérs vaggarna av rasmaterial. Enligt ett flertal punktobservationer, dar rasma- 
terialet schaktades undan, synes skarningens nordvastra och centrala del ut- 
géras av hard, sandig-moig moran ned till 3—4 m djup. I sydostra delen av 
skarningen var denna morantyp, har med presstruktur, endast 1/2—1 m mak- 
tig. Den underlagrades av lés moran med linser av val sorterad sand och grov- 
mo. Bl. a. frilades en 6ver flera meter utstrackt sadan med v4l sorterad, str6m- 
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Foto H. Moller 1959. 


Fig. 6. Ett i V—O utstrackt avsnitt av en skarning pa sydsidan av en berghall, 1.1 km NV om 

Danderyds k:a (lokal 2). Moranen ar mycket lost lagrad och har rikligt inslag ay sand- och 

gruslinser (lalinsmoran). Till vanster om spadhandtaget och spadbladet ligger tva stérre sand- 

linser skilda at av egentlig moranmassa. Den streckade linjen inringar ett block. Till héger om 

spadskaftets mitt ligger ett grusskikt. Kurvan for prov 35 1 fig. 7 visar moranmassans 
sammansattning. 


A part of section (locality 2, fig. 1) in a till deposit on the lee side of a knob of rock (crag and tail). The 


till is very loose and lenses of sand and gravel are common. Two bigger lenses of sand are situated to the 


left of the handle and the blade of the spade respectively. The broken line marks a boulder. A stratum of 
gravel is situated to the right of the handle of the spade. The curve for sample 35 ( fig. 7) shows the composition 
of ordinary till in this section. 


skiktad grovmo. Linsen (eller lagret) var upp till 70 cm maktigt och lag direkt 
under den har 1/2 m maktiga, harda moranen med presstruktur. Berget lag 
mycket nara, om icke direkt under denna lins. 

Lokal 4 (L). Mordnskarning i en berghojds sydsluttning 550 m O om Ro- 
slags Nasby stn. Under ytskiktet med svallad moran fanns 1 m maktig hart pac- 
kad och pressad, sandig-moig moran. Denna underlagrades av 1—1.5 m miak- 
tig, lést lagrad moran med ett flertal grus-, sand- och molinser. Grovmolinser 
dominerade. En 2—3 dm maktig sadan utgjordes av val sorterad grovmo. Den- 
na lins lag endast nagon dm ovanfér bergytan och syntes stallvis ligga direkt 
pa berget. 

Lokal 5 (L). Mordnskdarning i en berghdjds sydsluttning 1500 m ONO om 
Roslags Nasby stn. Moranen var upp till 8 m maktig. De undre 4 m kunde e] 

-studeras narmare p. g. a. ras. De ytligaste delarna hégst upp i sluttningen var 
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Fig. 7. Kumulativdiagram éver korngruppsférdelningen i moranprover fran olika lokaler 

Streckade kurvor representerar lalinsmoranernas egentliga moranmassa. Heldragna kurvor 

representerar st6tsidornas och andra i icke lalagen liggande moraner. De forra har hégre 
sorteringsgrad (lagre halt av finmo-ler). 


Cumulative diagram showing the composition of samples taken at different localities. Broken curves represent 
the ordinary till in till deposits with lenses of sorted material on the lee sides. Unbroken curves represent till 
deposits on the stoss sides and other till deposits which are not situated on lee sides. 


under svallskiktet hart packade och visade presstruktur. I 6vrigt var moranen 
lost lagrad samt rik pa grus-, sand- och grovmolinser. 

Lokal 6 (L). Mordnskdrning 1 en berghdjds sydsluttning vid vagen 1 250 m 
VSV om Séderby gard pa Bogesundslandet. Moranen ar pa det maktigaste 
stallet i sluttningen 4—5 m maktig. Block- och stenhalten ar normal. I de 6vre 
delarna ar moranen lés och sandlinser forekommer tillsammans med partier av 
moranmaterial med relativt hdg sorteringsgrad. Prov 50 (fig. 7) har tagits 3 m 
u. y. Nedat 4r moranen medelhard och av normal osorterad, sandig-moig typ. 
Rasmaterial hindrade narmare undersdkning av denna, men linser med sorte- 
rat material tycktes dock forekomma. 

Lokal 7 (L). Mordnskarning i en berghéjds sydsluttning vid vagen 400 m 
NV om Skeppsdals brygga. Under ytskiktet med svallad moran fanns 3—4 dm 
maktig sandig-moig moran med presstruktur. Darunder fanns lést lagrad mo- 
ran med linser av sorterat material. Rasmaterial hindrade narmare undersok- 
ning, men bl. a. kunde en utstrackt 2—3 dm maktig lins med ren mo blott- 


lageas. 
Lokal 8 (L). Mordnskérning i en berghdjds sydsluttning 500 m O om Boo 


k:a. Féljande profil uppmattes: 


A. 0.7 m Svallsand och svallad moran 
B. 0.7 m Medelh4rd, sandig-moig moran med en del smarre sandlinser 


C. 0.6 m Lés moran med sand- och gruslinser 


Lokal 9 (L). Moranskarning i en berghdjds sydsluttning 600 m SSV om Boo 
gamla k:a. Under den 2—3 dm maktiga svallade moranen fanns ca 7 dm mak- 
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tig, hart packad, sandig-moig moran. Darunder foljde en los moran med mera 

sorterade partier och linser av sorterat material. 
Lokal 10 (L, 8). Vagskaérning 1 200 m © om Tollare folkhogskola. I ett snitt, 

utstrackt i V—O, pa sydsidan av en hall vid vagens norra sida uppmattes fol- 


jande lager: 


A. 0.3 m Svallad moran 

B. 0.5 m Hart packad, sandig-moig moran (med lag sandhalt) 
Presstruktur synlig i vissa partier 

C. 0.3 m Medelhard—lés, sandig-moig moran (med hégre sandhalt an la- 
ger B) 

D. 0.7 m Lins med sorterat material (i huvudsak mo) 
I vertikal led var linsen 5 m lang. Pa det maktigaste stallet var den 
0.8 m maktig. 

E. Berg 


Lager D utgjordes huvudsakligen av grovmoig finmo. I denna forekom tun- 
na veckade skikt med grovmo. Pa ett stalle fanns en rund inneslutning (ca | 
dm i diameter) av grovmo. Hela linslagret var hart packat. Lagringsforhallan- 
dena samt packningen i lager D tyder pa att detta pressats av isen. I nedre de- 
len av lager D var materialet mera moranartat med sten och grus i den moiga 
sorterade grundmassan. Aven hégre upp i lagret forekom smarre partier med 
sadan sammansattning. I skarningens vastra del, vilken ej lag i sa utpraglat 1a- 
lage kilade linsen ut snett nedat. I dstra delen gransade linsen med en nastan 
lodrat grans mot moranen (fig. 11). 

Pa vagens sddra sida fanns flerstades genomskuren moran i en ca 100 m 
Jang skarning (huvudsakligen berg), utstrackt i O—V. Mordanen ligger har pa 
en storre berghdjds nordsluttning och befinner sig ej i lalage i f6rhallande till 
den ovan namnda mindre hallen pa vagens norra sida. Bortsett fran nagra fa 
dm-stora, sandiga-grusiga linser omedelbart under den osvallade moranens yta, 
saknades linser har 1 nordsluttningen. Moranen var sandig-moig (med lag sand- 
halt) och hart packad. Presstruktur framtradde mycket tydligt pa flera stallen, 
bl. a. skiffrig sadan. 

Lokal 11 (L). Tva mordnskdarningar i en berghojds sydsluttning vid landsva- 
gen ca 700 m VNV om Saltsj6-Duvndas hpl. 

Lokal 12 (L). Mordanskarning i en berghdjds sydsluttning 600 m V om Riks- 
museet. (enl. G. Lundqvist) 

Lokal 13 (L). Mordnskdrning i en berghéjds sydsluttning 300 m NV om 
Morby lasarett. (enl. J. Lundqvist) 

I skarningarna vid lokalerna 11, 12 och 13 fanns lést lagrad moran med lin- 
ser av sorterat material. 

Lokal 14 (L). Skarning i sluttningen pa sydostsidan av en berghdjd 1.5 km 
NNO om Akersruné stn. Lagerféljden i skarningen var nagot vaxlande, men 
inom ett val blottat ca 30 m langt avsnitt, utstrackt sAsom fig. 8 visar, fanns 
foljande lager: Overst 1.2 m postglacial lera, som stallvis underlagrades av 0.1 
—0.2 m varvig glacial lera. Under leran lag 0.6 m svallsediment (i huvudsak 
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Fig. 8. Ett avsnitt av en skarning pa sydostsidan av en berghéjd, 1.5 km NNO om Akersruné 

stn (lokal 14). 1 = Postglacial lera och stallvis tunn glacial lera. 2 = Svallsand. Darunder 

lalinsmoran med sma och stora linser av sorterat material. Vid spaden ligger en stor lins av 

nastan ren grovmo. Den i denna fran vanster inskjutande kilen utgérs av ofullstandigt sorterad, 
nagot stenig grusig sand. 


A section on the lee side of a large knob of rock at locality 14 (fig. 1). 1 = Postglacial clay and partly 

glacial clay. 2 = Sand, wave-washed. Below 2: till with large and small lenses of sorted material. A 

particularly large one of almost pure fine sand is situated at the spade. This lens (light) is partly divided 
by a layer of incompletely sorted, stony, gravelly sand (to the right and the left of the handle). 


svallsand) vilande pa en uthallig ca 1 m maktig moranbank med grovmoig- 
sandig moran. Denna hade stallvis hog grushalt och tunna linser av sorterat 
material. Under moranbanken lag i avsnittets sodra del en 1 m maktig lins av 
ren grovmo i vilken nagra enstaka stenar hittades. Ett lager med ofullstandigt 
sorterad, nagot stenig grusig sand skot in 1 grovmolinsen fran OSO och spalta- 
de upp denna sa som fig. 8 visar. I syddstra delen av detta ofullstandigt sorte- 
rade lager fanns nagra mindre block. Mot N gransade grovmolinsen mot ofull- 
standigt sorterad, grusig stenig sand. Under den namnda 1 m maktiga moran- 
banken lag langre mot N en av steniga och grusiga skikt uppspaltad moran. 
Darunder féljde ett 0.5 m maktigt lager med ofullstandigt sorterat, stenigt grus, 
vilket i sin tur vilade pa moran. Denna kunde ej narmare studeras p. g. a. ras- 
vaggar, men pa atkomliga stallen var den en block- och stenfattig, sandig-moig 
moran med lag grushalt. 

Lokal 15. Mordnskarning 1 flack terrang 700 m N om Danderyds k:a. (prov 
34, fig. 7) 

Lokal 16 (S). Mordanskarning i en berghojds nordostsluttning 800 m N om 
Roslags Nasby stn. (prov 38, fig. 7) 
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Foto H. Moller 1959. 


Fig. 9. Vagskarning 800 m NNO om Taby k:a (lokal 22). Haket i berget ar utfyllt med moran. 
Vid spaden (under den markerade gransen) ar moranen uppspaltad av sand- och grusskikt. 
I 6vrigt utfylles haket av hard, sandig-moig moran utan linser. 


A section looking east at locality 22. The cavity in the bedrock is filled up with till. In the till below the 
marked line strata of sand and gravel occur. The remaining part of the cavity is filled up with hard packed, 
sandy till which lacks lenses of sorted material. The last ice-movements were in directions nearly N—S. 


Lokal 17 (S). Moranskdarning i en berghojds nordsluttning 250 m SO om 
Ladviks skogsuvardsgard pa Bogesundslandet. (prov 54, fig. 7) 

Lokal 18 (S). Mordnskarning 1 en berghdjds nordsluttning 900 m OSO om 
Sdderby gard pa Bogesundslandet. (prov 57, fig. 7) 

Vid lokalerna 15—18 har moranen iakttagits till ett djup av 2—3 m och pa 
40—60 m langd. I samtliga fall forekom under det svallade ytskiktet medel- 
hard-hard, sandig-moig moran utan linser, vid lokal 18 dessutom blockfattig 
med tydlig presstruktur. Vid lokal 15 gick skarningen ned till berg. 

Lokal 19 (S$). Mordanskarning 1 en berghdjds nordsluttning vid vagen 400 m 
V om Saltsj6-Duvnds hpl. Skarningen ligger pa sédra dalsidan av en i O—V 
framgaende stor sprickdal. Stérre delen av skarningen, som skjuter in i moran- 
sluttningen, ar utstrackt i O—V. Sidovaggarna béjer av mot N. Féljande lager 
ar representativa for hela skarningen: 


A. 0.4 m (stallvis endast 0.2 m) Los, svallad moran 

B. 2.5 m Mycket hart packad, sandig-moig moran med presstruktur och nor- 
mal block- och stenhalt (prov 73, fig. 7). Linser saknades 

C. 6—7 m Samma morantyp som i lager B tycks fortsatta ytterligare 6—7 m 
nedat pa de maktigaste stallena. Rasmaterial hindrade emellertid 
en narmare undersdkning av moranen i primart lage. 


Presstrukturen (fig..10) framtradde tydligast i den i O—V utstrickta delen 
av skarningen. Férhallandet var detsamma vid lokal 1 (se ovan). 

Lokal 20 (S). Skarning vid foten av brant nordsluttning 1200 m OSO om 
Skanstull. Skarningen, som lag invid den i O—V framg&ende forkastningsbran- 
ten, var utstrackt ca 20 m i O—V. Lagerféljden var féljande: 

A. 2 m Varvig glacial lera | 


B. 1 m Hart packad, sandig-moig moran utan linser (prov 74, fig. 7) 
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Lokal 21. Mordnskdrning i en berghdjds dstsluttning 900 m SV om Skénsta. 
Moranen var genomskuren till 2 m djup dels i ett ca 20 m langt snitt i N—S, 
dels 1 ett ca 10 m langt snitt iO—V. Under ytskiktet med svallad moriin (0.3 m) 
fanns i bada snitten hart packad, sandig-moig moran med presstruktur, delvis 
aven lerig moig moran (prov 78, fig. 7). Linser saknades. 

Lokal 22 (L). Vagskarning 800 m NNO om Taby k:a. I ett avsnitt av en i 
N—S utstrackt bergskarning fanns ett med mor4n utfyllt hak i berget (fig: O) I 
hakets norra och lagsta del (verkligt lalage) var morinen uppspaltad av sand 
och grusskikt (linser). I Gvrigt var det, bortsett fran ytskiktet med svallad mo- 
ran, en hard sandig-moig moran, som utfyllde haket. Principen ar har densam- 
ma som i de ovan beskrivna skarningarna med lalinsmoran pa bergens och hal- 
larnas lasidor. 


LALINSMORANERNAS BILDNINGSSATT 


Med utgangspunkt fran ovan framlagt material skall lalinsmoranernas bild- 
ningssatt diskuteras. En sammanfattning av foreliggande fakta kan goras pA 
foljande satt. 

1. Lalinsmoran maste vara en vanlig foreteelse. Dét kan icke vara tillfallighe- 
ternas spel, som gjort att linsforande moran forekommit i samtliga inom un- 
dersokningsomradet pa lasidor patraffade storre moranskarningar. 

Linserna utgors i huvudsak av val sorterat material (grus, sand och mo), vil- 

ket maste ha sorterats och transporterats i rinnande vatten. I flera linser har 

materialet varit tydligt stro6mskiktat och granserna mellan olika lager i en 

och samma lins har varit val bevarade (jfr fig. 4). Med ett undantag (lokal 

10) har deformationer eller skiktst6rningar ej iakttagits 1 linserna. 

3. I de inom undersékningsomradet patraffade lalinsmoranerna har linserna 
till stor del varit relativt maktiga och uthalliga. Fig. 2 ger en uppfattning om 
normalstorleken, fig. 8 visar dels en extremt stor grovmolins dels en mera 


i) 


normal sadan. 
4. Inslag med 6vergangsformer mellan det val sorterade linsmaterialet och den 


osorterade egentliga moranmassan 4r icke ovanligt 1 lalinsmoran. Fig. 6 visar 
ett snitt dar dylika inslag forekom i stor utstrackning. 

5. De patraffade lalinsmoranerna har i sin helhet (med ett undantag, lokal 
10) varit lost lagrade. 

6. Lalinsmoranerna har icke befunnits 6verlagra nagon annan morantyp. Dar 
berget varit blottat har lalinsmoranen legat direkt pa detta. Fig. 2 illustre- 
rar forhallandet. 

7. Lalinsmoranerna har vid nio lokaler 6verlagrats av hart packad linsfri mo- 
ran, vilken vid sex av lokalerna visade tydlig presstruktur. Gransen mellan 
lalinsmoran och éverlagrande moran har i regel varit tamligen skarp. 

8. I flera fall (lokalerna 1, 3, 4, 10 och 22) har stérre linser legat mycket 
nara berget eller direkt pa detta. Figurerna 2, 9 och 11 illustrerar forhal- 
landet. 

9. Vid lokal 3 lag en maktig och uthallig stromskiktad grovmolins med skarp 
grans direkt under hart packad och pressad moran. 
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10. Ett i O—V utstrackt snitt i en stor moranskarning i en nordsluttning, 400 m V om 


Saltsjé-Duvnas hpl. (lokal 19). Bilden visar bottenmoran med tydlig presstruktur direkt under 


10. 


Te 


2. 


ytskiktet med svallad moran (i 6vre vanstra hornet). 


Foliation in till on the stoss side at locality 14. 


De patraffade lalinsmoranernas egentliga moranmassa har nagot hdgre sor- 
teringsgrad (lagre halt av finmo-ler) an den hart packade och oftast 
pressade moran, som vid flera lokaler (se punkt 7) befunnits 6verlagra 1]a- 
linsmoranen (fig. 3). 

I skarningar i st6tsidornas och annan i icke lalage avlagrad moran, med 
undantag for 4ndmoraner och invid isalvstrak avsatt moran, har linsforan- 
de moran icke patraffats. Moranen i dessa skarningar har betydligt lagre 
sorteringsgrad (hégre halt av finmo-ler) &n lalinsmoranernas egentliga 
moranmassa (fig. 7). St6tsidornas moran har i regel varit mycket hart pac- 
kad. Vid fyra lokaler har den visat tydlig presstruktur. 

Den ovan under punkterna 7 och 11 omtalade presstrukturen i moran har 
varit av nagot vaxlande utseende. Den i fig. 10 &tergivna strukturtypen 
motsvarar narmast den typ som G. Lundqvist (1940, fig. 18) benaimnt 
»brecciestruktury. Aven de bada strukturtyperna, som G. Lundqvist (1940, 
fig. 15 och fig. 17) benamnt »skiffrig detaljstruktury resp. »skivformig 
klumpstruktur» har patraffats i de namnda skarningarna. Ett mycket vac- 
kert exempel pa den skiffriga strukturtypen fanns vid lokal 10. 


— 
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Moranavlagringar med linser av sorterat material kan tainkas bildade pa flera 
olika satt. De exempel pa tolkningsmdjligheter, som ovan refererats pa sid. 
171—172, kan belysa detta. Aven nar det giller att forklara bildningssattet for 
de lagesbundna lalinsmoranerna, finns det plats for allehanda spekulationer. 
Lalinsmoran kan sakerligen ocksé ha bildats pa mer dn ett satt. Med hinvis- 
ning till ovanstaende fakta skall nagra olika méjligheter diskuteras. 

Den hart packade moran (ofta med tydlig presstruktur), som vid flera lo- 
kaler 6verlagrar lalinsmoran ar en verklig bottenmoran. I déverensstammelse 
med den laga sorteringsgraden och halten av finkorniga fraktioner (finmo- 
ler) maste denna moran i f6rhallandevis stor utstrackning ha transporterats och 
bearbetats i isen (jfr t. ex. G. Lundqvist 1940; Horner 1946). Nar isen avsmal- 
te fran omradet var den levande, vilket bl. a. visas av de bekanta Aarsiandmori- 
nerna (G. De Geer 1932; 1940). Avsmaltningen torde till stor del ha skett ge- 
nom kalvning (G. De Geer 1932). Bl. a. av denna orsak finner man sallan na- 
gon ytmoran inom omradet. I allmanhet anses ju mordnavsattningen ske i en 
zon, som stracker sig nagra kilometer in fran isranden. Bottenmoranen maste 
bl. a. av namnda skal till stor del ha avlagrats och utgjort isens underlag innan 
isens randzon drog sig tillbaka. Lalinsmoran, som éverlagras av dylik botten- 
moran, maste alltsa ha funnits pa plats annu tidigare. Nar kan sadan lalins- 
moran ha avlagrats? Féljande tre ytterligheter ar tankbara. 1: Det sorterade 
materialet, som nu forekommer i form av linser eller kanske t. 0. m. lalinsmo- 
ran fanns pa plats innan isen, som avlagrat bottenmordanen, ryckte fram 6ver 
omradet. 2. Lalinsmoran avlagrades marginalt nar isen, som avlagrat botten- 
mordanen, ryckte fram Over omradet och blev sedan p. g. a. laget helt eller del- 
vis bevarad mot isens senare erosion. 3. I lalagen har déda eller nastan doda is- 
partier avskilts fran den hégre upp levande isen. Vid isavsmaltningen, eller 
t. o. m. langt efter den levande isens avsmaltning fran omradet, har dylik dédis 
smalt och avlagrat lalinsmoran. 

Det i punkt 3 skisserade forhallandet ar icke troligt nar det galler mindre 
forekomster av lalinsmoran. Visserligen paminner lalinsmordan till en del om sa- 
dan dédismoran, som vi kanner fran omraden med dédisavsmAltning (se t. ex. 
Mannerfelt 1945). Men i de begransade dédispartier, som det skulle ha gallt i 
de aktuella lalagena, kan det varken ha funnits transportstrackor eller vatten- 
mangder, som star i relation till linsernas storlek och materialets hoga sorte- 
ringsgrad. Férekomster av lalinsmoran, som icke tacks av bottenmoran, kan 
daremot tankas avlagrade av vid avsmaltningen avsnérda dédispartier. Lalins- 
moran blir da en form av dédismoran. Mycket stora forekomster av lalinsmo- 
rin kan ocks4 vara en form av dédismoran, aven om de helt eller delvis tacks 
av bottenmoran. G. Lundqvist (1940) har framhallit, att det i vissa lagen 
(t. ex. i lalagen) m4ste ha funnits dédispartier under eller inuti den levande 
isen. Dylik genom terrangformerna och enligt G. Lundqvist (1940) aven ge- 
nom hég moranhalt uppkommen dédis tillhér Ahlmanns (1938) dédisgrupp nr 
2. G. Lundqvist (1940) menade, att den lést lagrade, relativt grovkorniga mo- 
rantypen av ytmorankaraktar, som i Bergslagen ligger i dalstraken (lalagen) 

Atminstone till en del harrér fran dylik »intraglacial d6dis». Da denna moran- 
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typ icke 6verlagras av bottenmoran (jfr op. cit., fig. 19 och 20) kan man emel- 
lertid icke med sakerhet avgdra om den férra harrér fran »intraglacial dodis» 
eller en dédis, som avskilts fran den levande isen nar ytavsmaltningen frilade 
hdjderna. Det kan ju ocksa vara den levande isens ytmoran. 

Atskilliga forhallanden talar for att lalinsmoraner, 1 den typ av lagerfoljder, 
som representeras av fig. 2, avlagrats marginalt vid en isframstot over omradet. 
Da bottenmoranen, som ovan sagts, till stor del maste ha avlagrats innan isens 
randzon drog sig tillbaka fran omradet, kan lalinsmoranen icke ha avlagrats 
marginalt vid avsmaltningen, s& som von Post (1929) antog att vissa linsforan- 
de moranlagerféljder i vastra Sverige bildats (se sid. 171). J. Lundqvist (1958, 
p. 61) framhdéll som ett stéd for von Posts (1929) asikt, att linsforande moran 
ofta patraffas i lalage (»pa sydanden av en héjd») — ett lage som bor ha va- 
rit ysarskilt gynnsamt for uppkomsten av glapprum meHan isen och dess un- 
derlagy. Nar det galler lalinsmoran, som icke tacks av bottenmoran, kan na- 
turligtvis von Posts asikt vara riktig. von Post forutsatte, att isen slutade med 
en bracka i vatten, i vilket kantpartierna lyfts. Men halrum mellan isen och 
dess underlag kan ha férekommit i lalagen aven langt inne under isen (se 
t. ex. Carol 1947, pp. 57-59). Direkta observationer av dylika halrum fore- 
ligger fran recenta glaciarer i Alperna aven langt innanfo6r isranden. Dessa 
halrum 6ppnas och slutes i sammanhang med plasticitetsandringarna (tryck 
och temperatur) 1 isen. Halrummen kan ocksa i viss utstrackning forskjutas 
med isen innan de Ater tillsluts (Klebelsberg 1948, pp. 141 f.). Aven om dessa 
forhallanden icke direkt kan 6verforas pa inlandsisar ar de ay intresse, om man 
tanker sig lalinsmoran bildad marginalt vid isens framryckning. 

Det sorterade materialet 1 linserna kan ligga 1 primart eller sekundart lage, 
d. v. s. ha avsatts inne i isen eller framf6r denna och sedan upptagits av fram- 
ryckande is (jfr t. ex. G. Lundqvist 1951 och 1958, se sid..172). I den ut- 
landska litteraturen synes den vanligaste uppfattningen vara, att linserna i all- 
manhet bildats inne i isen (Holmes 1949, p. 1433; Charlesworth 1957, p. 379). 
De ovan under punkterna 2—5 och 10 (sid. 185) anforda forhallandena talar 
direkt for att de aktuella linserna ligger i primart lage. Enligt Holmes (l.c.) 
kan man knappast forklara hur dylika linser skulle ha transporterats intakta i 
isen. Under en transport i ismassan skulle isen i linserna vara i temperaturjam- 
vikt med omgivande is och darfor lika plastisk som denna. Eventuella deforma- 
tioner i linserna férklaras enligt Holmes (l.c.) med samtida isrérelser, d. v. s. 
materialet har avsatts i en levande is (J. Lundqvist 1958, p. 59). Om linserna 
vid t. ex. lokal 1 ligger i primart lage, torde materialet enligt ovanstaende ha 
avsatts 1 marginala smaltvattenskanaler i en framryckande is och inbaddats i 
av denna avlagrad moran. I lalagen blev sedan dylika marginala avlagringar 
bevarade mot den efterfoljande isens erosion. Lalinsmoranen blev en del av 
isens underlag och sa smaningom avlastades den packade, finkornigare botten- 
moranen. Skillnaden i sorteringsgrad mellan bottenmoranen och lalinsmora- 
nens moranmassa torde i huvudsak bero pa, att den férstnamnda har transpor- 
terats langre i isen varvid materialet nedkrossats mera ( jfr sid. 187). I avsikt 
att fa fram nagon skillnad mellan bergartsmaterialet i lalinsmoranen och den 
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overlagrande bottenmordanen utfordes nagra blockrakningar vid lokal 1. Dessa 
gav emellertid intet svar pa den aktuella fragan. Berggrunden inom omrAdet 
och norr darom 4r tyvarr av sadan natur, att man i det aktuella blockmateria- 
let icke med sakerhet kan halla isér de dominerande bergartstyperna.t Den 
namnda skillnaden i sorteringsgrad kan ocksa tankas bero pa, att finmaterial 
tvattats ur moranmassan vid dess avsattning (Hérner 1944, p. 712 samt 1946, 
pp. #24 ff.). I vilken utstrackning sadan urtvattning kan ha medverkat Ar svart 
att saga, men de tunna (nagon cm) mijala- eller finmoskikt, som ibland pé- 
traffas mellan bergytan och moranen, kan tankas vara bildade pA detta sitt. 
Sadana skikt forekommer saval under H. K. (Horner 1944, p. 710) som éver 
H. K. (Ljungner 1945, p. 229). Férekomsten av finmo direkt pA berget vid 
langdmattet 52 m i profilen vid lokal 1 (fig. 2) var si maktig (ca 2 dm), att 
finmon endast med tvekan kan antagas bildad genom urtvattning vid mordn- 
massans avsattning. Finmon kan eventuellt i stallet harréra fran sedimentlager, 
som avsatts utanfor isranden och sedan 6verskridits av isen (se sid. 198). Mel- 
lan langdmatten 52 och 56 m fanns dock tunna finmoskikt direkt pa berget. 
Dessa har ej kunnat markeras pa fig. 2, men de stod till synes i direkt samband 
med den markerade finmoforekomsten. 

Det pa sid. 185 under punkt 8 namnda forhallandet med storre linser nara 
eller direkt pa berget bér uppmarksammas. Dessa linser bestar utom vid lokal 
10, som ar ett specialfall (se sid. 191), av val sorterad grovmo och sand. Sa 
forhallandevis grovt material kan icke ha bildats genom urtvattning i moran- 
massan vid dess avsattning. Val sorterad grovmo och sand, samt aven grus, dar 
sadant forekommer, maste ha avsatts av smaltvattenstrommar. Da dylikt sor- 
terat material nu aterfinns i lalagen mycket nara eller direkt pa berget, och 
antages harstamma fran marginala smaltvattenstro6mmar vid isens framryck- 
ning, sa kan sedimentationen ha skett dels inne under isen dels utanfor iskan- 
ten. Det sistnamnda kan antagas ha dominerat, ty eljest borde det sorterade 
materialet i st6rre utstrackning ha underlagrats av moran. Smaltvattenstrom- 
mar inne under isen, i granszonen mellan denna och berget, kan dock icke 
uteslutas, jfr ovan sid. 188 samt aven Ljungners (1930) tolkning av s. k. skar- 
formiga trag (Sichelwannen). Enligt Ljungner och senare Johnsson (1956, p. 
39 och pp. 94 ff.) skulle de av Westergard (1934) beskrivna stromatolitkalk- 
bildningarna, som forekommer sporadiskt pa glaciarslipade hallytor utmed Bo- 
huslans och Sydnorges kust, ge ett direkt vittnesbord om, att bergartsmjél 
transporterats av subglaciala vattenstrommar (trycksmaltvatten mellan isen 

h hallytan). Oavsett om smaltvattenstrémmarna avsatt materialet utanfor is- 
kanten eller inne under isen, torde detta delvis eller helt ha eroderats bort av 
isen p& ett senare stadium. I. och J. Terasmae (1951) samt Jarnefors (1958) 
har i nagra skarningar i Uppsalatrakten iakttagit, att sorterad mo mellan mo- 
ran och bergyta legat bunden till fordjupningar och svackor i denna. Den 
skarpa kontakten mellan grovmolinsen och bottenmoranen vid lokal 3 (sid. 


179) torde vara en erosionskontakt. 


1 Blockrakningarna gjordes av berggrundsgeologen G. Stalhés, som har ingaende kannedom 
om traktens berggrund. 
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Foto H. Méller 1959. 


Fig. 11. Ett i V—O utstrackt avsnitt av en skarning pa sydsidan av en liten berghall 1.2 km O 

_om Tollare folkhégskola (lokal 10). Ytskiktet 4r svallad moran, darunder féljer hart packad, 

sandig-moig moran, som nedat 6vergar 1 medelhard-lés, sandig-moig moran med hégre 

sandhalt. Denna 6verlagrar en stor lins (vid spaden) av hart packad, grovmoig finmo med 
tunna veckade grovmoskikt. Den streckade linjen markerar bergytan. 


A section looking north on the lee side of a little knob of rock at locality 10. The last ice-movements were 
almost southwards. Hard packed lodgement till above passes downwards into till of medium hardness-loose 
covering a hard packed lens of very fine sand with contorted thin strata of fine sand. The broken line marks 

the bedtrock. : 


Som bakgrund till den fortsatta diskussionen bdr man komma ihag, att nar 
den sista isen ryckte fram 6ver omradet, torde detta till stor del ha varit tackt av 
tidigare bildade kvartara avlagringar (jfr punkt 1, sid. 187). Teoretiskt kan 
avlagringar fran interglacialer, aldre istider samt tidigare faser av Wiirmistiden 
med mellanliggande interstadialer eller lokala kortvariga, isfria skeden ifraga- 
komma. 

Vid lokal 1 var bergytan under lalinsmoranen isslipad, dock ej med rafflor. 
Om denna slipning gjorts av den is, som avlagrat lalinsmoranen, skulle denna 
icke kunna ha avlagrats marginalt vid isens framryckning. Men slipningen kan 
ha skett tidigare och bevisar darfor ingenting om lalinsmoranens Alder. I detta 
sammanhang kan det vara av intresse att stalla fragan: Hur gamla slipspar kan 
finnas bevarade t. ex. i Stockholmstrakten? Hallytor, som slipats under Riss-is- 
tiden, far val anses vara helt forstérda genom vittring och senare iserosion. All- 
deles séker kan man dock icke vara. Det finns ingenting som hindrar, att sli- 
pade hallytor, som genom sitt lage varit skyddade mot ny iserosion och som 
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dessutom standigt varit vatten- eller jordtackta, kan harréra fran dldre istider. 
For att aterga till faktiska forhallanden s& visar atskilliga raffellokaler inom 
Stockholmsomradet fran varandra helt skilda raffelsystem (fasettslipningar och 
korsande system). Det aldsta raffelsystemet, som patraffats vid kartbladsarbe- 
tet inom omradet, visar en isrérelse fran VNV. Darnist foljer utan pavisbar 
Overgang en isrérelse fran NV. Riktningen ar densamma som hos den av Fré- 
din (1956) utskilda mesoskandiska sydoststrémmen, jfr Aven Strombergs (1956) 
undersokningar i skargarden utanfor Norrtilje. Enligt Frédins (1956) under- 
sdkningar i Uppland skulle isen fran den mesoskandiska riktningen (NV— 
SO) i stort gjort en kontinuerlig hégervridning till ungefar N—S. SA kan 
emellertid icke ha varit fallet inom det omrade, som omfattas av fig. 1 (kart- 
bladet Stockholm NO). Dar finner man éverallt distinkta fasettslipningar, som 
visar, att isr6relsen fran NV 4r skild fran en isrérelse, som satte in fran ca 
N 30° V. Raffelsystemet fran ca N 30° V i Stockholmstrakten dr omtalat av 
De Geer (1932). Denna isrGrelse har daremot, av allt att déma, genom en 
kontinuerlig hégervridning évergatt till allt mera nordliga rérelser och slutligen 
aven till rorelser fran NNO. Ra&ffelsystem indicerande ostligare rérelser an 
N 20° O har under kartarbetet icke patraffats pa mer an en saker lokal (N 
40° O). Laget for denna 4r sadant, att raffelsystemet icke kan sattas i sam- 
band med nagon vridning in mot ett isalvsstrak (G. Lundqvist 1955). 

Med hansyn till rafflornas vittnesboérd om isrérelsernas forlopp gjordes tva 
blockorienteringsbestamningar (100 block vardera) vid lokal 1 (se fig. 2). Den 
ena gjordes i lalinsmoranens moranmassa vid langdmattet 60 m i profilen 
(fig. 2), den andra i den tackande bottenmoranens G6vre del vid langdmattet 
50 m. Da bada blockorienteringsbestamningarna gjordes pa sa satt, att ca half- 
ten av »blocken» (stenarna) i varje bestamning mattes i en vagg och den andra 
halften i en mot denna vinkelstalld vagg (90°), eliminerades risken f6r att ste- 
nar, som 4r orienterade parallellt med en snittvagg, blir underrepresenterade. 
Resultatet av blockorienteringsbestamningarna ar intressant ur mer an en syn- 
punkt. Lalinsmoranens moranmassa och den tackande bottenmoranen har av- 
satts under vitt skilda isrérelser (ca N 25° V resp. ca N 30° O). Den forst- 
namnda bor enligt vad ovan sagts om rafflornas vittnesbérd avsatts under en 
relativt tidig isrérelse, bottenmoranen daremot under en betydligt yngre isr6- 
relse. Blockorienteringsbestamningen visar, att bottenmoranens 6vre del (nar- 
mast under skiktet med svallad moran) avsatts under en isrérelse, som endast 
sporadiskt Aterspeglas av rafflorna. Isen torde alltsa vid denna tidpunkt i hu- 
vudsak ha upphort att erodera i Stockholmsomradet. 

Lalinsmoranen vid lokal 10 avviker i vissa avseenden fran 6vriga forekoms- 
ter. Linsmaterialet ar sarskilt finkornigt (i huvudsak grovmoig finmo). Det ar 
hart packat och har en slirig struktur med tunna veckade grovmoskikt. Pack- 
ningen och veckningen maste ha uppkommit genom istryck (jfr sid. 182 och 
fig. 11). Det relativt maktiga och finkorniga materialet torde harstamma fran 
en skiktad avlagring, som avsatts utanfor isranden och sedan 6verskridits av 
isen, varvid denna pressat materialet och stért skiktningen. Aven de sma par- 
tier med osorterat moranartat material, som forekom i denna lins, talar for det 
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antagna bildningssattet. Materialet vid lokal 10 har ursprungligen varit varvigt 
med tunna grovmoskikt (nu veckade) i grovmoig finmo. Detta visar, att sedi- 
mentationen skett relativt nara isranden. Mojligen harror ocksa den vid lokal 1 
direkt pa berget liggande finmon fran sedimentlager, som avsatts utanfor is- 
randen (se ovan sid. 189). Den vid lokal 1 patraffade finmoiga-mjaliga mo- 
ranen visar, att finkorniga sediment éverskridits av en oscillerande is (se nedan 
sid. 196). 

Som ovan sagts (sid. 187) kan bl. a. sadan lalinsmoran, som icke tacks av 
bottenmoran, ha bildats marginalt vid isavsmaltningen. Denna tolkning maste 
anses gilla sarskilt for sadana lagerféljdstyper, som fanns i skarningen vid lo- 
kal 14 (se sid. 182 och fig. 8). Den 1 m maktiga moranbank, som har over- 
lagrade den stora grovmolinsen var icke av bottenmorantyp utan grovkorniga- 
re och lésare lagrad. Dessutom férekom tunna linser av sorterat material 1 den 
namnda moranbanken. Den av von Post (1929) lamnade tolkningen for hit- 
hérande bildningar torde har vara tillamplig (jfr sid. 171). En lagerfoljds- 
typ av nagot annorlunda slag har beskrivits av G. Lundqvist (1953 pp. 53 f.). 
Det giller en skarning vid Laggarbo pa geologiska kartbladet Sater. Skarning- 
en lag i en sydsluttning (lasluttning) och Lundqvist uppger, att likartade lager- 
foljder iakttagits i sydsluttningar pa ett fatal stallen 1 Uppland och Vastman- 
land. Lundqvist beskriver skarningen vid Laggarbo pa féljande satt: »Overst 
ligger ca 1 1/2 m pressad moran, vilken dock f6rlorar sin morankaraktar, Ju 
langre man kommer i distal riktning. Under moranen fdljer grus (isalvsgrus?), 
vilket dock utg6ér ytlager, dar moranen saknas. Gruset blir uppat allt sandigare. 
Mitt i gruslagret synes ett tunt (ett par cm) mjalskikt.» Enligt fig. 22 1 det ci- 
terade arbetet var det pa en stracka av ca 6 m i sluttningens 6vre del som mo- 
ran overlagrade grus- och sandlager. Langre ned 1 sluttningen gick dessa lager 
upp i ytan. De var minst 4—5 m maktiga. Langst 1 norr underlagrades de av 
moran. Denna har dock (enligt den citerade fig. 22) ej direkt iakttagits pa mer 
an en ca | m lang stracka som ett mot N stigande lager (storsta maktighet ca 
1m). Enligt G. Lundqvist ar det troligast, att det sorterade materialet i skar- — 
ningen vid Laggarbo utgér en »embryonal bildning av en as». En annan tank- 
bar forklaring skulle enligt G. Lundqvist vara, att det ar en svallningsprodukt, 
som avlagrats mellan en isrest i sankan (St. Ulvsjon) och sluttningen i norr. 
En sadan tolkning forutsatter bl. a., att isen, sedan grus- och sandlagren avlag- 
rats, ater st6tt fram dver lokalen, varvid den pressade moranen avsatts. Aven 
om man utgar fran att grus- och sandlagren ar glaciala smiltvattensavlagring- 
ar, sa kan bildningstiden icke fixeras. Troligast ar att lagren avsatts vid den 
sista isens avsmaltning fran omradet, men det kan ocksA vara aldre bildningar, 
som p. g. a. lalaget blivit bevarade vid senare isframstétar. 


Olika slag av linsf6rande moran 


De hittills behandlade avlagringarna med linser av sorterat material i moran 
har framst genom det for dem alla gemensamma lalaget kunnat sammanféras 
under beteckningen lalinsmoran. Men likartade avlagringar kan ju forekom- 
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ma praktiskt taget var som helst, Aven om s& ej kunnat pavisas inom har un- 
dersokt omrade. Strangt taget torde man f& sammanfatta férhallandena pa 
fdljande satt: Linsf6rande moran kan bildas var som helst. Speciellt vanlig ar 
sadan moran i omraden med dédisavsmiltning, dédismoran (se t. ex. Manner- 
felt 1945). I andra omraden synes utpraglade linsférande moriiner vara myc- 
ket vanliga 1 lalagen, sett i forhallande till de sista isrorelseriktningarna. Detta 
behover icke innebara, att dylika avlagringar ocksa framst bildats i lalagen. Sa 
kan t. ex. de forekomster, som nu tacks av bottenmoran, endast utgdra ero- 
sionsrester av avlagringar med en ursprungligen betydligt stérre utbredning. 

De linser man oftast finner i moranavlagringar éverhuvudtaget ar betydligt 
mindre 4n flertalet av linserna i de ovan beskrivna ldlinsmoranerna (jfr G. 
Lundqvist 1940, fig. 12). De forstnamnda kan man rubricera som normalfallet. 
Hur dessa bildats ar omdiskuterat. Flera geologer anser, att linser av denna typ 
i allmanhet utgér rester av i fruset tillstand upptagna sediment, som tidigare 
avsatts 1 isfritt omrade. I den utlandska litteraturen tycks dock den vanligaste 
uppfattningen vara, att sadana linser i allmanhet avsatts vid isavsmaltningen 
av temporara lokala smaltvattenstrommar inne i isens randpartier (jfr t. ex. 
Holmes 1949, p. 1433; Charlesworth 1957, p. 379). Dylika sand- och gruslin- 
ser tycks vara sarskilt vanliga i grovkorniga, luckra ytmoraner. Dessa ar inom 
vissa omraden (t. ex. i Bergslagen) i stort sett bundna till dalbottnarna och 
sluttningarna (G. Lundqvist 1957, p. 323). Den inom samma omraden pa h6j- 
derna avsatta finkornigare, packade bottenmoranen tycks daremot sallan inne- 
halla dylika linser. 

J. Lundqvist (1958) har, som en sarskild typ av linsf6rande moran, utskilt 
de rikligt linsforande mordaner, som antraffas i anslutning till supramarina 1s- 
 alvsaviagringar i norra Varmlands dalgangar (jfr sid. 172). Lagerféljder av 
denna typ visar, att isen i narheten av isalvsstraken varit genomsatt av storre 
och mindre smaltvattenstro6mmar. Dessa har sakerligen utgjort bifloden till 
den stérre isalven. Ett exempel pa hithérande lagerfoljder har patraffats aven 
i Stockholmstrakten, allts4 i submarin bildningsmilj6. Skarningen ligger 2 km 
NV om Vallentuna k:a (ca 1/2 mil N om nordvastra hornet av det omrade, 
som kartbilden i fig. 1 omfattar). Vid en 6versiktsresa hésten 1959 gjorde pro- 
fessor G. Lundqvist mig uppmarksam pa denna skarnings existens, varefter den 
profil, som Aterges i fig. 12, uppmattes. Detta snitt gar utmed vastsidan av en 
liten héjd, som ingar i éstra dalsidan av en i NNV—SSO utstrackt flack dal- 
gang. Pa geologiska kartbladet Rydboholm (Erdmann 1871) ar en liten askul- 
le markerad vid platsen for skarningen. Berget, som blottats i skarningens nor- 
ra del, gar i dagen pa en ca 25 m bred och ca 100 mi V—O utstrackt yta ome- 
delbart N om skarningen. Nagra tecken pa att denna hojd skulle vara en as- 
kulle finns icke. Det ar med andra ord en mordantackt liten berghdjd. Schakt- 
ningarna i vastsluttningen (omedelbart V om den atergivna profilen) har dar- 
emot gatt ned i en smal sanka, som 4r utstrackt ungefar parallellt med profilen 
och som i © begransas av det ovan namnda berget och i V av en 1 N—S ut- 
strackt berghall. Sankan ar ca 20 m bred i N och mer an 50 m we iS (ber- 
gets lage i den éstliga héjden ar har obekant). Schaktet, som gatt ned i den 
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Fig. 12. Profil fran en skarning 2 km NV om Vallentuna k:a. De rikligt forekommande stora 
linserna eller lagren med sorterat material, som spaltar upp en del av moranen i lagerfoljden, 
har bildats i anslutning till en liten isalv, som runnit fram utmed en dalsida. 


A section in the vicinity of Vallentuna, about 20 km N of Stockholm. The lenses or layers of sorted material, 

which are situated in a part of the till, have been formed in conjunction with a little esker along the lateral 

slope of a glen. — Morén, grusig-sandig etc. = till, gravelly-sandy, with high stone frequency, loose 

with lenses of sorted material; svallsediment = wave-washed deposit; berg = bed-rock; rasmaterial = 
material fallen down. ; 


For explanation of the other symbols, see fig. 2. 


namnda sankan mellan hallarna, begransas 1 N av en mellan de bada hallarna 
ungefar i V—O utstrackt vagg. I detta snitt fanns 2—3 m miaktiga skiktade 
grus- och sandlager, delvis 6verlagrade av glacial lera. Professor Lundqvist 
har meddelat, att innan schaktningarna drivit den 6stra vaggen (fig. 12) till 
dess nuvarande lage, visade de davarande skarningarna lagerfoljder med mak- 
tigare och aven groévre lager av sorterat material inlagrat i moran, ungefar pa 
samma satt som i den uppmatta profilen. Pa det geologiska kartbladet (op. cit.) 
finns en liten askulle markerad invid den namnda dalgangens 6stra sida ca 700 
m NNV om lokalen. Denna kulle ar nu till st6rsta delen bortgravd, men nagot 
tvivel om att det varit en akta askulle finns icke. I dalgangens éstra sluttning 
ca 500 m N om lokalen finns ett sandtag med 4—5 m maktig glacifluvial sand 
med grusskikt. De bada sistnamnda observationerna visar tillsammans med for- 
hallandena vid den uppmatta profilen, att ett mindre isalvsstrak gatt fram ut- 
med dalsidan. Detta lage ar icke ovanligt nar det galler mindre glacifluviala 
strak. Motsvarande férhallanden galler for nagra andra sma isalvsstrak i Stock- 
holmstrakten. Férklaringen torde vara, att isen legat an mot dalgangarnas bot- 
ten, medan smialtvattnet s6kt sig fram utmed dalsidan. Denna tolkning har 
t. ex. tillampats i Bohuslaén (Hessland 1943, p. 22). De glacifluviala avlag- 
ringarna vid den uppmatta profilen och N dérom har med stérsta sannolikhet 
bildats nar isen fér sista gangen drog sig bort fran omradet. Den tackande pres- 
sade moranen av f6r trakten normal bottenmorantyp visar darfér, att det sor- 
terade materialet atminstone delvis avsatts subglacialt. Nagra direkta skikt- 
storningar eller deformationer, som skulle kunna visa, att det sorterade mate- 
rialet avsatts i en levande is eller méjligen dverskridits av en oscillerande is, 
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Y 2s , - 
Foto H. Moller 1959, 
Fig. 13. Ett avsnitt fran profilen i fig. 12. Overst ytskikt med svallad moran, darunder pressad 


bottenmordan utan linser. Under denna foljer lost lagrad linsforande moran med en utstrackt 
lins (eller ett lager) av stromskiktad grovmo (mitt pa bilden). 


A detail from the section in fig. 12. 


fanns ej i den atergivna profilen. Den stora grovmolinsen (eller -lagret) var 
vackert stromskiktad. Fig. 13 visar ett avsnitt av skarningen med den strém- 
skiktade grovmon Gverlagrad av lés linsf6rande moran samt den 6vre pressade 
bottenmoranen, vilken helt saknade linser av sorterat material. Den undre mo- 
ranen mellan langdmatten 22—52 m i profilen saknade likaledes dylika linser. 
Detta tyder pa att den avsatts innan uppsmaltningen bérjade vid lokalen. 

I flera ovan omtalade fall har lagerféljder med linser av sorterat material 1 
moran antagits bildade i samband med isframstotar dver tidigare avsatta sedi- 
ment. Aven vid de sma framstétar, som isranden kan ha gjort under avsmialt- 
ningen nar de sma 4ndmoranerna av arsmorantyp (De Geer 1932; 1940, p. 
120) bildades, kan sorterat material ha inlagrats i moran. I andmoranryggarna 
synes partier med linser av sorterat material icke vara ovanliga. Sadana har 
iakttagits bade i Stockholmstraktens 4ndmoraner och 1 exakt samma typ av 
andmordner vid Boden (jfr 4ven Hoppe 1948, pp. 13 f.). 

En icke tidigare namnd foreteelse ar de tunna (av storleksordningen 1/2 
cm) mantlar av relativt sorterad sand-mo, som man ofta finner i direkt kon- 
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takt med block i moranavlagringar. Mantlarna kan omsluta storre eller mind- 
re del av blockytan. Dessa mantlar tycks vara sarskilt vanliga i moraner dar 
vanliga linser av sorterat material forekommer. Men aven i moran utan sada- 
na linser férekommer dylika mantlar. Hur har dessa bildats? For det forsta 
maste de ha bildats innan moranen, som narmast omsluter dem, smalte fram 
ur isen. En mantel, som ingr i ett av en levande is avlastat moranparti, maste 
antagas bildad omedelbart innan partiet ifraga frigjordes fran isen, ty under en 
langre transport i isen skulle manteln knappast ha bevarats intakt. Tydligt ar 
att det m&ste ha funnits smaltvatten i direkt anslutning till de blockytor, som 
omslutes av mantlar. I en rorlig is finns 1 varje punkt ett visst tryck. Om man 
teoretiskt tanker sig ett i en sadan is ingaende parti av ren is, 1 vilken ett sten- 
block ligger inbaddat, s& ar trycket icke lika i alla punkter. Isen ar plastisk och 
blocket kan betraktas som en relativt sett odeformerbar kropp. Tryck 1 isen, som 
fran ett tryckhdjningscentrum fortplantas mot blocket, avlastas icke 1 detta 
utan fortplantas genom blocket. Da blockets kompressibilitet ar avsevart lagre 
an isens, kommer tryckfortplantningen genom blocket, i enlighet med den fysi- 
kaliska elasticitetsteorin, att ge en tryckf6rhdjning i gransytan mellan blocket 
och isen i férhallande till trycket i langre ut fran blocket belagna punkter. 
Denna tryckférhéjning erhalles i alla riktningar utom 1 den primara tryckhoj- 
ningens. Da smaltpunkten for is sjunker med stigande tryck kan alltsa isskikt i 
en smal mantelzon narmast intill blockytor under vissa forhallanden ha smalt 
inne 1 omgivande is. I sa uppkomna mantelrum kan smltvattnet 1 viss ut- 
strackning ha sorterat frigjort moranmaterial. Pa sa satt kan tunna mantelskikt 
av sorterat material ha inneslutits i den omgivande isens osorterade moranmas- 
sa nar denna avlastades. 


Speciella foreteelser vid lokal 1 


I skarningen vid lokal 1 férekom dels ett tunt grusskikt, dels ett parti med 
finmoig-mjalig moran av speciell typ, vilka bada icke har nagot samband med 
lalinsmoranen. Fig. 2, 14 och 15 visar hur egrusskiktet och det nadmnda mordan- 
partiet lag i lagerféljden. Det i den normala moranen inbaddade moranpartiet 
var mycket hart packat. I 6vre delen var det uppdelat i mer eller mindre tyd- 
liga horisontella skikt av storleksordningen 1—3 cm. Skiktningen framtradde i 
vertikala snitt (fig. 15). Grundmassan i hela partiet utgjordes av finmo och 
mjala. I partiets undre halft var grévre fraktioner (grovmo-grus) jamnt for- 
delade 1 grundmassan, d. v. s. jordarten var genomgiende osorterad. Sten och 
block saknades i hela partiet. I den 6vre halften av detta vaxellagrade skikt, i 
vilka den finmoiga-mjaliga grundmassan var endast svagt bemangd med grov- 
re fraktioner, med skikt, i vilka inslaget av dessa fraktioner var betydligt stérre 
(av storleksordningen 30—40 viktprocent). I oregelbundet fordelade smapar- 
tier var inslaget av grovre fraktioner sarskilt koncentrerat. I vissa delar var 
skiktningen mycket diffus. Kurvan fér prov 92 (fig. 16) visar sammansiitt- 
ningen av ett sadant otydligt skiktat parti. Kurvan ger genom knycken vid 0.06 
mm ett uttryck for att provet ar sammansatt av en finkornig grupp (ler-fin- 
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Foto H. Miller 1959. 


Fig. 14. Ett avsnitt av profilen vid lokal | (se fig. 2). Det svagt béjda mérka skiktet pa bildens 

vanstra halft ar grusskiktet mellan langdmatten 58 och 60 m i profilen fig. 2. Det pA denna 

medtagna vinkelsnittet i VNV—OSO Ar skymt pa bilden. Den streckade linjen markerar hérnet 

vid langdmattet 60 m. I bakgrunden till hoger syns grusskiktets fortsattning som ett morkt 

skikt i den har 2 m mot OSO forskjutna vaggen (60—62 m i fig. 2). Heldragen linje markerar 

markytan, darovan upplagda jordmassor. Kurvan for prov 66 i fig. 16 visar grusskiktets 
sammansattning. 


A detail from the section at locality I (fig. 2). The dark thin stratum is the stratum of gravel between 58 
and 60 m in fig. 2. The broken line marks the corner at 60 m in fig. 2. The continuous line marks the soil 
surface. Above it the soil is dug over. 


mo) och en grovkornig grupp (grovmo-fingrus) utan kontinuerlig 6vergang 

mellan dessa bada grupper. Jordarten ar varken en normal osorterad moran 

eller ett normalt sorterat sediment. Eftersom hela partiet otvivelaktigt maste 
ha transporterats av isen, tillhér det genetiskt sett moranavlagringarna. I en- 
lighet med den pA sid. 173—174 forda diskussionen kan det insprangda partiet 
betecknas som ofullstandig moran. 

De namnda forhallandena kan tolkas pa tva satt. 

1. Isen har tagit upp ett parti fran en sorterad finkornig avlagring (som m6)j- 
ligen varit skiktad) och transporterat detta parti en kort stracka, varvid grév- 
re fraktioner tillforts. Forvanande ar dock, att dessa i vissa delar av partiet 
var skiktvis koncentrerade. Mojligen aterspeglar detta en skiktstruktur 1 det 
isparti som tog upp och transporterade den sorterade avlagringen. 

2. Isen har tagit upp en skalla (frusen) och transporterat denna, varvid den 
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Foto H. Moller 1959 
Fig. 15. Detalj fran det i VNV—OSO utstrackta snittet i profilen vid lokal 1 (se fig. 2). Det 
ljusa, At héger avsmalnande partiet i bildens mitt ar den mycket hart packade, ofullstandiga 
finmoiga-mjaliga moranen, vilken i 6vre delen ar uppdelad 1 mer eller mindre tydliga hori- 


sontella skikt. Detta parti ligger direkt pa det nagra cm maktiga grusskiktet och ar inneslutet 
i den sandiga-moiga moranen. Proverna 91, 92 och 93 redovisas i fig. 16. 


A detail from the section at locality I ( fig. 2). The light portion in the middle of the figure is the very hard 


packed till with very fine sand and silt. This till is not really unassorted (compare the curve 92 in fig. 16) — 


Either it originates from a sorted fine grained sediment, which has received an addition of coarser material 
(fine sand-gravel) during transport in the ice, or it is a portion of an incompletely sorted sediment 
transported as a »boulder» in the ice. 


visserligen blivit hart sammanpressad men icke erhallit materialtillskott eller 

i 6vrigt blivit namnvart forandrad. Skallan skulle alltsA harréra fran en av- 

lagring med den sammansattning det insprangda partiet har. Ett sediment 

av denna typ kan kanske ha avsatts vid oroliga sedimentationsforhallanden, 

t. ex. 1 israndnara miljo. 

Oavsett vilken tolkning man vill halla for troligast, sa ar det insprangda av 
finmo och mjala dominerade partiet ett tecken pa att isen i slutskedet oscille- 
rat 1 Stockholmsomradet, varvid finkorniga sediment avsatts framfér isranden 
och sedan 6verskridits av isen. Som exempel pa liknande bildningar fran and- 
ra trakter kan de av G. Lundqvist (1951, p. 33) omtalade tunna ler- eller 
mjalalagren, som ibland patraffas i omraden 6ver H.K., ndmnas. Dessa lager 
har en viss halt av grévre fraktioner, vilka enligt G. Lundqvist »tydligen bakats 
in i sedimentmassan genom isens arbete». Det skulle narmast rora sig om sedi- 
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Fig. 16. Kumulativdiagram 6ver korngruppsférdelningen i jordprover fran lokal 1 (se fig. 2 

och 15). Kurvan fér prov 66 visar grusskiktets sorteringsgrad. Kurvan for prov 92 ger genom 

knycken vid 0.06 mm ett uttryck for att provet 4r sammansatt av en finkornig grupp och en 
grovkornig grupp utan kontinuerlig évergang. 


Cumulative diagram showing the composition of samples taken in the section at locality 1 (compare figs 2and 15). 


ment, som avsatts i en liten sj6 framf6r iskanten och som sedan Overskridits av . 
isen. I beskrivningen till kartbladet Sater (G. Lundqvist 1953, p. 54) omtalas 
en liten skarning, 1 vilken ett 20 cm miaktigt lager med »lerig-mjalig moran?» 
pa 0.5 m djup lag inbaddat i den for trakten normala moranen. G. Lundqvist 
(l.c.) antar, att det ar ett sedimentlager, som pressats och utvalsats. 

Det erbjuder icke nagra stérre svarigheter att 1 stora drag forsta uppkoms- 
ten av det vid lokal 1 inbaddade partiet med ofullstandig finmoig-mjalig mo- 
ran (se ovan). Daremot blir det mera komplicerat nar man betraktar hela la- 
gerfoljden i det avsnitt av skarningen dar partiet lag inbaddat. Partiets lage i 
forhallande till 6vriga lager framgar av fig. 2. Fig. 14 och 15 visar mera detal- 
jerat hur grusskiktet och partiet med ofullstandig finmoig-mjalig moran sag ut 
i skarningen. Grusskiktet mellan langdmatten 56 och 64 m var val sorterat 
(prov 66, fig. 16). Det vid langdmattet 60 m vinkelstallda snittet (VNV— 
OSO) visade, att skiktet har hade en planutstrackning pa mer 4n 2 m. N om 
partiet med den hart packade ofullstandiga finmoiga-mjaliga moranen skar 
erusskiktet snett uppat genom den pressade sandiga-moiga moranen (fig. 2 och 
14). En del i det forra ingaende sma stenar satt har sa hart fastklamda, att 
man endast med svarighet kunde ta bort dem. Mellan langdmatten 58 och 60 
m samt i det vinkelstallda snittet 6verlagrades grusskiktet direkt av partiet med 
ofullstandig finmoig-mjalig moran. Denna i sin tur 6verlagrades mellan langd- 
mAatten 58 och 59.5 m av pressad sandig-moig moran. I det vinkelstallda snit- 
tet framtradde icke nagon presstruktur i den 6verlagrande moranen. Orsaken 
torde endast vara, att denna i detta begransade avsnitt hade nagot lagre halt 
av finmaterial (prov 91, fig. 16). Den var emellertid hart packad och icke 

svallad samt stod i direkt samband med den namnda pressade sandiga-moiga 
-mordnen. Mellan langdmAtten 58.5 m och 64 m vilade grusskiktet pa en san- 
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dig-moig moran (prov 93, fig. 16). Denna var medelhard-lés samt saknade 
linser och far betraktas som en éverg4ngszon till den darunder liggande lalins- 
moranen. 

Det kanske mest forbryllande i den beskrivna lagerféljden ar grusskiktet. La- 
gerfoljden paminner onekligen om de av Richter (1929) beskrivna skarning- 
arna med sma skallor och tunna skikt, som tagits upp fran isens underlag, samt 
utdragna sandlinser, allt inlagrat i en till synes enhetlig moran (jfr aven Slater 
1927). Dylika lagerfoljder Aterspeglar isens struktur. Den troligaste forklaring- 
en till grusskiktet vid lokal 1 synes dock vara, att detta avsatts pa en frilagd yta, 
som sedan Overskridits av en oscillerande is, vilken medférde partiet med ofull- 


standig finmoig-mjalig moran (skalla). 


De linsforande moranavlagringarnas praktiska betydelse 


Forekomsten av genomslappligt sorterat material under eller i moran kan ha 
stor betydelse fér den nutida vattencirkulationen i marken (Horner 1944). 
Bland de ovan omtalade moranavlagringarna kan vissa grupper, 1 vilka grus-, 
sand- och molinser ofta upptrader, urskiljas. Den praktiska betydelsen harav 
bor uppmarksammas. Den torde vara av intresse bl. a. for den skogliga forsk- 
ningen. 

Dédismoraner (ablationsmoraner) ovanfor hdgsta kustlinjen ar i regel latt 
igenkannliga pa ytformerna. I dessa avlagringar ar linser av sorterat material 
sarskilt vanliga (se t. ex. Mannerfelt 1945). Hartill kommer att dédismoraner- 
na i regel ar ganska grovkorniga och darfor relativt sett ganska genomslappli- 
ga. Pa samma satt forhaller det sig med typiska ytmoraner, i vilka genomslapp- 
liga linser ocksa forekommer tamligen allmant. I vissa delar av landet ar dylika 
ytmoraner 1 stort sett bundna till dalbottnarna och sluttningarna, medan dar- 
emot moranen pa hédjderna huvudsakligen ar tat moran av pinnmotyp (G. 
Lundqvist 1940, pp. 36 ff.; 1957, p. 323). Man bor aven uppmarksamma, att 
rikligt med linser av genomslappligt material kan upptrada i moranavlagring- 
ar 1 anslutning till isélvsstrak bade over och under hoégsta kustlinjen (jfr sid. 
189). Genomslappliga linser synes ocksA vara ganska vanliga i de sma andmo- 
ranryggarna av arsmorantyp. Sadana lagesbundna komplexa avlagringar, som 
patraffats 1 Stockholmstrakten och som i denna uppsats sammanforts under be- 
teckningen lalinsmoraner, synes vara en vanlig foreteelse Aven i andra delar ay 
landet (jfr G. Lundqvist 1953, p. 54 och J. Lundqvist 1958, p. 61). Har bér 
ocksa de av Hessland (1942, 1943) och Bjérsj6 (1949) uppmarksammade »la- 
moranerna» (Bjorsj6) i Bohuslan namnas. I kuperade omraden under hégsta 
kustlinjen synes chanserna fér att genomslappligt sorterat material skall ingA 
i moranavlagringarna vara mycket stérre pa lasidor och i lalagen, sett i forhal- 
lande till de sista isr6relseriktningarna, 4n i andra lagen. 

I lalagen ar mordnavlagringarna oftast lést lagrade. Vidare har de vanligen 
lagre halt av finmo-ler (se fig. 7) an den packade bottenmoranen pact, ex 
stotsidorna eller i évriga icke lélagen. Detta gér, att rétter och rottradar latta- 
re kan tranga ned i de forstnamnda moranavlagringarna. I skarningar med yt- 
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lig bottenmoran kan man se, att rottradarna brett ut sig at sidorna och bildat 
en tat filt i gransskiktet mellan den lst lagrade svallade morianen (inom har 
undersokt omrade normalt 2—3 dm, hégst 4 dm maktig) och den hart packa- 
de bottenmoranen. I moransluttningarna avrinner det fran ytan nedsipprande 
.vattnet (ytvattnet) till stor del just i detta gransskikt. De heldragna kurvorna 
i diagrammet fig. 7 kan representera den normala osvallade bottenmorianen 
inom urbergsomraden (pinnmo). Sadan moran ar féga genomslapplig. Dess 
k-varde ar mindre an 0.1 cm/tim (vid normaltrycket 2 kg/cm?). 

Till de praktiskt arbetande kvartargeologernas uppgifter i dagens Sverige 
hér omfattande undersdkningar i samband med _ vattenkraftens utbygenad. 
Darvid galler det bl. a., att inom begransade ytor finna minst 5—10 m miaktig 
moran av viss typ, s. k. tatjord, for dammbyggnader. Denna tatjord far bl. a. 
icke vara oenhetligt uppbyggd med stérre linser av sorterat material eller stér- 
re inslag av ofullstandigt sorterat material. Tatjorden mAste vidare ha en viss 
halt av finmaterial (finmo-ler). Med vetskap om de bildningar, som har kal- 
lats lalinsmoran, bér man alltsa undvika att satta igang de dyrbara tatjordsun- 
dersokningarna i ]alagen. Erfarenheten fran arbetena i Norrland visar ocksa, 
att tatjordsundersdkningar i lalagen ofta gett negativt resultat. Moranen kan 
ha varit utmarkt som tatjord 1 de 6vre lagren (t. ex. ned till 3—4 m under 
ytan), men linsforande moranlager pa djupare niva har gjort att omradet bli- 


vit utslaget. 
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The Lower Didymograptus Shales of the Flagabro Drilling Core 
By 


TorstTEN E. TJERNVIK 


Abstract: In the core section described the basal strata are very poor in eraptolites. 
On the other hand, they have yielded trilobite species characteristic of the Lower 
Planilimbata Limestone. Most part of these shales have been included with the zone 
of Tetragraptus phyllograptoides. 

The zone of Didymograptus balticus contains a rich graptolite fauna described by 
Toérnquist. 

In the shales with Phyllograptus densus the Norwegian zone of P. angustifolius 
elongatus is well developed, and has yielded several graptolite forms new to Sweden. 

The top strata of the Lower Didymograptus Shales (with Jsograptus gibberulus, 
etc.) are not represented in the core. They have been exposed through diggings carried 
out at the Flagabro rivulet. Preliminary notes on the graptolite fauna of these shales 
are added to the description of the core. 


Introduction 


The Arenigian of Sweden often displays a sequence of limestones in which 
layers of clayey shales are of little consequence. However, in the provinces of 
Jamtland, Dalarna, Vastergotland, and Skane (Scania) these limestones change 
— to a more or less high extent — into graptolite bearing shales called the 
Lower Didymograptus Shales. 

In the spring and summer of 1958 the present writer had the opportunity of 
studying the Lower Didymograptus Shales at Flagabro in south-eastern Skane. 
A drilling core obtained at the locality was examined, and supplementary data 
were secured from outcrops and diggings in the vicinity of the farm. 

In this paper the core only is described. 


Previous Work 


The first report on the Lower Didymograptus Shales of Flagabro was made 
by Toérnquist (1875, p. 46). At the rivulet below the mill of the farm he 
encountered alum shales with Dictyonema f. flabelliforme, overlain farther to 
the south-west by grey clayey shales containing species of Didymograptus, Tetra- 
graptus, and Phyllograptus. 

In his papers of 1901 (p. 3) and 1904 Tornquist gave a more detailed ac- 
count of the clayey shales exposed at the locality. The stratigraphical subdivi- 
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sions distinguished by Térnquist, and the fossils collected by him, were as 
follows: 
1. Zone of Tetragraptus phyllograptoides. — Shales of a light greenish colour, 


almost devoid of fossils. From some darker seams Tetragraptus phyllograptoides ‘Torn- 
quist, Didymograptus undulatus Térnquist, and D. constrictus Hall were collected. 


2. Zone of Didymograptus balticus. — Dark shales with a rich graptolite fauna 
comprising Didymograptus balticus Tullberg, D. geometricus Térnquist (common), 
D. constrictus Hall, D. suecicus Tullberg, Tetragraptus quadribrachiatus Hall, Schizo- 
graptus reticulatus Nicholson, S. rotans Toérnquist, S. ambiguus Tornquist, Temno- 
graptus multiplex Nicholson, and (?) Clonograptus subtilis Tornquist. 


3. Zone of Phyllograptus densus. — Dark shales crowded with specimens of Phyllo- 
graptus densus Toérnquist. Other species obtained were Didymograptus suecicus 
(abundant), D. praenuntius Térnquist (abundant), and Tetragraptus pendens praesagus 
Tornquist. 

4. Zone of Isograptus gibberulus. — A band of grey or greenish shales lying im- 
mediately beneath the Orthoceratite Limestone belongs to this zone (1904, p. 3). It 
contains Didymograptus mobergi Térnquist and Azygograptus suecicus Moberg. 


At present these shales are but poorly exposed at the locality. 


The Core 


In 1941 a core drilling was carried out at a small limestone quarry situated 
500 m south-west of the Flagabro farmhouse. It penetrated the basal beds of 
the Arenigian Orthoceratite Limestone, and passed through the underlying 
Lower Didymograptus Shales and the Tremadocian beds. After entering the 
top strata of the Upper Cambrian alum shales the boring was interrupted at a 
depth of 54.33 m. The diameter of the core is 20 cm. 

The core was acquired by the Palaeontological Institution of Lund, and was 
made ready for an examination by Engineer E. Késter in 1956. He divided the 
core into portions being, as a rule, 5 cm thick. The portions were split, and the 
fossils encountered were labelled and stored. On this material — in part un- 
fortunately small — the author’s description of the core is based. 

The lower part of the core section, comprising the Dictyonema Shales and 
the overlying Ceratopyge Beds, was described by the present writer in his paper 
“The Tremadocian beds at Flagabro in south-eastern Scania (Sweden)”, 
published in Geologiska Féreningens Foérhandlingar, 1958. 

The Lower Didymograptus Shales, which are dealt with in this paper, rest 
upon the Tremadocian Ceratopyge Limestone. According to the drilling journal 
they have a total thickness of about 36 metres. These large dimensions are due, 
however, to a partial repetition of the sequence caused by a fault. The real 
thickness of the Lower Didymograptus Shales at this locality seems to be about 
23 metres. 

The core is not complete. Its uppermost part had suffered very great losses 
during the drilling, and was not preserved. In the portion secured the top 
strata are dislocated by a fault. The usable part of the core section extends 
upwards to the shales with Phyllograptus angustifolius elongatus Bulman. Ac- 
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cordingly, the uppermost strata with Isograptus gibberulus Moberg, etc., are 
not represented in the core. Furthermore, a portion of the shales with Phyllo- 


graptus densus and Didymograptus gracilis is lacking owing to another fault. 


Description of the core 


The section obtained is described below, and illustrated in text-figs. 1 and 2. 
The drawings of the section are combined with diagrams showing the vertical 
distribution of the graptolite, trilobite, and conodont species, as well as the 
number of specimens encountered. 

The fossils recorded from the core are kept in the museum of the Palaeonto- 
logical Institution of Lund. 


Tremadocian 


B 2. Ceratopyge Limestone (41.14—41.46 m) treated in Tjernvik, 1958 (pp. 
271 and 274). 


Arenigian 


Lower Didymograptus Shales. — Thickness of the section described about 
16.75 m (24.40—41.14 m). 


HUNNEBERG STAGE 


Remarks. — A transgression indicates the beginning of the Arenigian. The 
basal limestones of this series (and of the Hunneberg Stage) have a considerably 
wider regional distribution than the Ceratopyge Limestone. The transgression 
expands during the middle of the Hunneberg Age. Certainly, the occurrence 
of the shales with Tetragraptus phyllograptoides is restricted to Skane, south- 
western Vastergotland, and western Jamtland. Yet, the corresponding limestone 
beds with Plesiomegalaspis planilimbata are well represented in almost all 
Ordovician districts of Sweden. 

The shales with Didymograptus balticus terminate the Hunneberg Stage. 
They are well developed in Skane and at Hunneberg in V4stergotland. How- 
ever, they seem to have been laid down during a regression. In fact, cor- 
responding limestones are lacking in most part of Sweden — at least they are 
unknown to the present author. 

The core. — From the bottom strata of the Lower Didymograptus Shales 
but a few fragments of graptolites and trilobites have been secured. These 
strata, which have a thickness of about 7 metres, extend from the upper surface 
of the Ceratopyge Limestone to the 34.10 m level of the core. They can be 
divided into two lithological units, called in the following A 1 and A 2. 


A 1. Thickness about 1.5 m (39.67—41.14 m). 

The lowest shale unit rests upon the uneven and glauconite-impregnated 
upper surface of the Ceratopyge Limestone. It extends to a bedding surface of 
shale covered by glauconite, and overlain by a thin bed of glauconitiferous 


limestone. 
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Fig. 1. The Flagabro drilling core. Vertical distribution and number of graptolite, 
trilobite, and conodont specimens encountered in the lower strata of the Lower Di- 
: dymograptus Shales. 
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The lowermost strata of the unit consist of very dark shales which are rich 
in grains of glauconite and phosphorite, and contain lumps or chrystals of 
pyrite. They are overlain by grey shales with scattered grains of glauconite. A 
portion of these shales, about 0.4 m thick, has been lost during the drilling. 
The uppermost strata are dark-coloured, and contain a thin bed of light-grey 
limestone. The latter probably indicates a reduced depth of water during the 
deposition of the top layers of the unit. 

Small inarticulate brachiopods, Lingulella spp., Acrotreta spp., Obolella? 
sp., and Broeggeria sp. abound in the shales. A couple of small hyolithids were 
found at the 40.90 m level, and the top beds have yielded a few specimens of a 
phyllocarid: Caryocaris? sp. 

No graptolites at all were encountered. 

Conodonts were sought for on all slabs of shale, yet, with little success; the 
few specimens obtained are fragmentary and indeterminable as to the species. 
Better specimens were secured, however, from the thin limestone bed (numbered 
G 38) which is found in the top strata. According to determination kindly 
carried out by Dr. M. Lindstrém, Lund, these conodonts belong to the following 
species: Oistodus parallelus Pander, Drepanodus sculponea Lindstrom, D. 
proteus Lindstrom, D. homocurvatus Lindstrém, and Acodus aff. Distacodus 
stola Lindstrém. In the opinion of Dr. Lindstrém they are of post-Tremadocian 
age, but give no evidence of the exact stratigraphical level of the bed. 

From the Flagabro exposures, examined by Tornquist and the writer, no 
information can be gathered as to the said stratigraphical level. The shales of 
the unit A 1, as well as those of the lower part of A 2, are lacking on the banks 
and the bottom of the Flagabro rivulet. They have been cut off by a fault. 


A 2. Zone of Tetragraptus phyllograptoides. — Thickness about 5.5 m (34.10 
—39.67 m). 

The second unit is made up of shales, alternately dark- and light-coloured. 
The basal strata are almost black and rich in glauconite grains. In the over- 
lying shales — that is in by far the greater part of the zone — glauconite and 
phosphorite grains are scarce; they are found at a few levels only. At the 
37.80 m level a bedding surface is covered with a film of glauconite. It in- 
dicates that the unit can possibly be divided into two subdivisions. 

At the very base of the unit of A 2 there is a thin bed of grey, glauconitiferous 
limestone, called G 37. It is devoid of macro-fossils. On the other hand, some 
conodont species have been encountered in the rock. They are dealt with 
below, in connection with the other fossils secured from the shales and the 
limestones of the unit. 

Above the 36.50 m level the shales contain a large number of scattered thin 
beds and lenses of grey limestone. They indicate shallow water conditions dur- 
ing the sedimentation of the upper strata of the unit. 

Inarticulate brachiopods, Lingulella spp., Acrotreta spp., and Broeggeria sp. 
occur throughout the shales; they are, however, much more scarce than in the 
strata of the underlying subdivision (A 1). On the contrary, Caryocaris sp. 
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abounds, especially in the dark-coloured shales of the unit. Furthermore, a few 
valves of Nanorthis? sp. have been found. 

Of interest are some fragments of large trilobites secured from the upper 
shale strata (cf. text-fig. 1). They seem to belong to Plesiomegalaspis planilim- 
bata (Angelin) and Niobe emarginula Angelin. Better trilobite specimens have 
been collected from the exposures at the Flagabro rivulet. In a bed of grey 
limestone occurring in the upper part of the unit of A 2 the following species 
have been encountered: Plesiomegalaspis planilimbata, Niobella bohlini Tjern- 
vik, Niobe cf. emarginula, Symphysurus angustatus Sars & Boeck, and Ger- 
agnostus wimani Tjernvik. Symphysurus angustatus has a fairly wide vertical 
range. The other species are index fossils for the Lower Planilimbata Limestone 

(zone of Plesiomegalaspis planilimbata) which has a very large regional distri- 
bution in Sweden. Hitherto, it was not known from Skane. 

The scarce graptolite specimens occurring in the shales have evidently es- 
caped the attention of Engineer E. Késter on splitting the core. In consequence, 
the slabs kept for a renewed examination of the shales are regrettably few, and 
have yielded only about twenty small fragments of graptolites. Most of these 
fragments belong to indeterminable species of Clonograptus and Didymo- 
graptus, and are of small stratigraphical value. However, at the 34.60 m level 
— that is in the uppermost part of the unit — the proximal portion of a Tetra- 
graptus has been obtained. The broad rhabdosome and the vertical stipes of 
the specimen make possible an identification with T. phyllograptoides Torn- 
quist. 

At the Flagabro rivulet the exposed dark shales with Didymograptus balticus 
Tullberg are underlain by weathered, light-grey shales rich in lenses and thin 
beds of limestone. These light-coloured strata have a maximal thickness of 3 
metres. They have been cut off by a fault, and rest upon beds of trilobite bear- 
ing sandstone of Lower Cambrian age. Without any doubt, the light-grey 
shales and their limestones correspond to those strata of the core which belong 
to the upper part of the unit of A 2 (34.10 — approximately 37.00 m). 

The outcropping strata are not easy of access. The chief part has been 
unearthed by the writer through digging at the bottom of the rivulet; a pro- 
cedure that has obstructed the search for fossils. With exception of the above- 
mentioned trilobite species the strata have yielded so far nothing but inartic- 
ulate brachiopods. However, these shales must be identical with those from 
which Térnquist collected specimens of Tetragraptus phyllograptoides and 
Didymograptus undulatus Térnquist (kept in the museum of the Paleonto- 
logical Institution of Lund). He writes (Tornquist, 1901, p. 3): 

“The lowest portion of these shales are of a light greenish colour and almost 
devoid of fossils, but in some darker seams a few graptolite species have been 
found, belonging to the zone of Tetragraptus phyllograptoides. Upon them 
follow black shales including a rich fauna of graptolites. The species indicate 
the zone of Didymograptus balticus, being, for the most part, identical with 

those seen in the corresponding zone of Hunneberg.” 
A contradictory conclusion as to the stratigraphical level of the unit of A 2 
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has been drawn from the occurrence of some conodont species in the strata 
(cf. Tjernvik, 1958, p. 271). From the thin bed of glauconitiferous limestone 
called G 37, and situated at the base of the subdivision, Dr M. Lindstrom, 
Lund, has extracted and determined the following forms: Distacodus stola 
Lindstrém. Oistodus delta Lindstrém, and O. triangularis Lindstrom. In the 
opinion of Dr Lindstrém these conodonts prove that the bed — and, in con- 
sequence, the whole of the unit of A 2 — must be included with the zone of 
Didymograptus balticus. 

In another limestone bed, G 22, from the upper part of the subdivision a 
conodont fauna more rich in species has been obtained. According to the kind 
determination by Dr M. Lindstrém it comprises: Distacodus stola stola Lind- 
strom, D. expansus (Graves & Ellison), Distacodus? n. sp. Lindstrém (1957, 
p. 165), Oistodus inaequalis Pander, O. parallelus Pander, O. triangularis, 
Paracordylodus gracilis Lindstrom, and Scandodus pipa Lindstr6m. With the 
exception of Oistodus inaequalis and Paracordylodus gracilis (which indicate 
a lower stratigraphical level) the composition of the assemblage agrees well 
with that of the conodont fanuna encountered by Lindstrém (1957, p. 164) in 
the zone of Didymograptus balticus at Mossebo in Vastergotland. 

However, the graptolite fragment secured from the core, as well as the 
graptolite specimens collected by Tornquist from the exposures at Flagabro, 
seem to the present author to furnish a sufficient ground for including the 
unit of A 2 with the zone of Tetragraptus phyllograptoides and not with the 
zone of Didymograptus balticus. 

Furthermore, the strata in question contain trilobite species which are index 
fossils for the Lower Planilimbata Limestone (Zone of Plesiomegalaspis plani- 
limbata). This fact does not agree with another statement made by Lindstrém 
(1957, pp. 166 and 176) which signifies that the shales with Didymograptus 
balticus are younger than the Lower Planilimbata Limestone. 

The upper boundary of the unit of A 2 has been drawn at the 34.10 m level. 
It corresponds to the base of a layer of glauconitiferous shale which in the ex- 
posures at Flagabro contains Didymograptus balticus, D. vacillans, and D. 
geometricus. 


A 3. Zone of Didymograptus balticus. — Thickness about 4 m (30.05— 
34.10 m). 

At the 34.00 m level a rich graptolite fauna turns up in the shales of the 
core. ‘The species encountered prove that the strata extending to the 30.05 m 
level belong to the zone of Didymograptus balticus. These strata, which have a 
thickness of about 4 metres, consist entirely of shales; mostly dark-grey, with 
thin seams of almost black shale. Glauconite grains abound at the very base of 
the zone. Otherwise, they are scarce in the lower beds of the zone; in the upper 
strata, on the contrary, glauconite grains are fairly common. 

In the exposures the lower boundary of the zone is pointed out by a thin 
layer of glauconite sand. It contains small nodules of glauconitiferous limestone 


with Plestomegalaspis planilimbata, Symphysurus augustatus, Cyclopyge gallica 
Tjernvik, and Pliomerops actinurus (Dalman) 
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Twenty-four graptolite species or subspecies have been encountered in this 
part of the core. Many of the forms are known from the shales of the Hunne- 
berg Mountain in Vastergétland; the others from the Oslo Region. The vertical 
distribution of these species is the following (cf. text-figs. 1 and 2): 

Didymograptus balticus Tullberg and D. filiformis Tullberg occur throughout 
the zone, and disappear just below its upper boundary. Didymograptus holmi 
Tornquist — at Hunneberg a member of the next older fauna — reaches the 
middle of the unit. In the same beds Clonograptus herrmanni Monsen abounds 
at several levels. Didymograptus geometricus Tornquist, which is often the most 
frequent species, is found in the lower two thirds of the subdivision. In the 
upper strata it is associated with, and outlived by another small graptolite, 
probably identical with D. pusillus Tullberg. D. constrictus (J. Hall) has about 
the same vertical distribution as D. geometricus. 

Some species or subspecies occur but sporadically. They are: Didymograptus 
balticus vicinatus Monsen, D. vacillans attenuatus Monsen, D. flexilis Monsen 
(33.10—33.15 m), Tetragraptus bigsbyi (J. Hall), T. bigsbyi divergens Mon- 
sen, T. aff. astericus Monsen (30.50—30.55 m), Dichograptus octobrachiatus 
(J. Hall), Loganograptus kjerulfi Herrmann, Herrmannograptus regularis 
(Tornquist), and Tvrichograptus dilaceratus Herrmann (identical with T. 
crinitus Térnquist). The last-mentioned species occurs in abundance on a few 
bedding surfaces in the lower half of the zone. 

The frequence of Didymograptus vacillans Tullberg culminates in the zone 
of D. balticus. Only one specimen has been encountered just above the upper 
boundary of this unit. Present in the whole zone, and trespassing into the next 
younger one, are Didymograptus minutus Tornquist (mostly scarce). Tetra- 
graptus quadribrachiatus (J. Hall), and T. amu Elles & Wood. Didymograp- 
tus suecicus Tullberg and Phyllograptus rotundatus Monsen appear in the up- 
per beds of the zone. In addition, two specimens of Didymograptus praenun- 
tius Tornquist have been encountered in the uppermost strata. The three 
lastmentioned species proceed to the overlying shales with Phyllograptus 
densus. 

Undeterminable fragments of Schizograptus and (or) Temnograptus are 
fairly frequent in the shales of the zone. From the outcrops at Flagabro 'Torn- 
quist (1904) records the occurrence of Schizograptus reticulatus Nicholson, 8. 
rotans Tornquist, and Temnograptus multiplex Nicholson. 

Caryocaris sp. is common at the base and the top of the zone; otherwise, it 
is scarce. Lingulella spp., Acrotreta spp., and Broeggeria sp. are by far less 
frequent than in the underlying units. 

The Norwegian shales corresponding to Térnquist’s zone of Didymograptus 
balticus were divided by Monsen (1937) into a lower zone of Didymograptus 
validus and an upper zone of D. balticus. Characteristic of the lower subdivision 
are, inter alia, Didymograptus balticus, D. validus Tornquist, and D. holmi. In 
addition, multiramous dichograptids, e. g. Herrmannograptus miles: (J. Hall), 
and Loganograptus kjerulfi abound in these strata. In the upper zone the 
frequence of Didymograptus balticus, as well as that of D. filiformis, culminates. 
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Other characteristic species are Didymograptus vacillans and Clonograptus 
herrmannt. 

In the Flagabro core no similar subdivisions are discernible. Probably the 
Scanian shales with Didymograptus balticus are less complete stratigraphically 
than the corresponding Norwegian strata. 


BILLINGEN STAGE 


Remarks. — The beginning of the Billingen Age is distinguished by a new 
transgression. Shales and (or) limestones belonging to the basal part of the 
stage are found in Skane, Oland, Ostergétland, Vastergétland, Narke, Dalarna, 
the South-Bothnian District, and Jamtland. An index fossil for the lowermost 
limestone beds is Megalaspides dalecarlicus (Holm). The basal shale strata are 
characterized by the appearance of Phyllograptus densus Térnquist and Didy- 
mograptus gracilis Tornquist. Furthermore, the abundance of D. minutus ‘Torn- 
quist is conspicuous. All these species were encountered for the first time at 
Skattungbyn in Dalarna, and were described by Térnquist (1879, 1890) and 
by Holm (1882). At Skattungbyn thin limestone beds and lenses with 
Megalaspides dalecarlicus are embedded in shales with Phyllograptus densus, 
Didymograptus gracilis, and D. minutus. The occurrence of these species makes 
possible a correlation of the initial strata of the stage. 

The shales of the Billingen Stage contain a well defined graptolite fauna 
dominated by species of the genus Phyllograptus. P. densus and P. angustifolius 
J. Hall are present throughout the shales, while the occurrence of P. angusti- 
folius elongatus Bulman is restricted to the upper strata of the stage. 

Probably these upper strata were unknown to Térnquist. At Flagabro the 
lower shales of the stage are well exposed on the southern bank of the rivulet. 
The upper shales, on the contrary, are hidden by a thick covering of soil. 

The fauna characteristic of the upper shales was encountered by Monsen 
(1937) at some localities in the Oslo Region. She introduced a new zone of 
Phyllograptus angustifolius elongatus succeeding Térnquist’s zone of Phyllo- 
graptus densus in the Lower Didymograptus Shales of Norway. 

Strata containing P. angustifolius elongatus were found by the present author 
(Tjernvik, 1956, p. 141) in the Lower Didymograptus Shales at Stora Backor 
in Vastergotland. Following the lead of Monsen he distinguished a Swedish 
zone of Phyllograptus angustifolius elongatus. At Stora Backor this zone is very 
poorly developed. In the Flagabro core the shales of the unit are much thicker 
and, in addition, much richer in graptolite species. The distribution of the latter 
affirms that the Norwegian classification is applicable to the Swedish shales. 
The two zones of the stage are called in the following: 


B 2. Zone of Phyllograptus densus and P. angustifolius elongatus. 
B 1. Zone of Phyllograptus densus and Didymograptus gracilis. 


Some graptolite species common to the two zones are: Phyllograptus densus, 
P. angustifolius, Didymograptus praenuntius, Trichograptus bulmani Monsen, 
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and Isograptus norvegicus Monsen. Characteristic of the lower zone are: Didy- 
mograptus gracilis Tornquist, D. protoindentus Monsen, D. leptograptoides 
Monsen, D. ensjéensis Monsen, and the abundance of D. minutus Tornquist. 
Representative of the upper unit are: Phyllograptus angustifolius elongatus, 
Didymograptus gracilis crassus Monsen, D. deflexus scanicus n. subsp., Azygo- 
graptus ellest Monsen, and Tetragraptus bigsbyi askerensis Monsen. 


B 1. Zone of Phyllograptus densus and Didymograptus gracilis. — Thickness 
about 2 m (28.10—30.05 m). 

The zone is made up of grey shales, alternately dark- and light-coloured, 
with seams of almost black shale. The lower strata are, on the whole, darker 
than the upper ones. A thin limestone bed is present near the top of the unit. 
Glauconite grains abound at several levels, especially in the lower part of the 
zone. 

The upper boundary of the unit coincides with a surface of sliding, occurring 
at the 28.10 m level. No doubt, this sliding is due to a fault; in the exposures 
at Flagabro the zone is more than one metre thicker than in the core. 

Nineteen graptolite species or subspecies have béen secured from the shales 
of the unit. Phyllograptus densus is the fossil most frequently met with. P. 
augustifolius and P: rotundatus Monsen are common in the upper strata of the 
zone. 

Several forms turn up and disappear within the limits of the subdivision. 
They are: Didymograptus protoindentus, D. leptograptoides, D. ensjoensis, D. 
gracilis, and Tetragraptus fruticosus campanulatus Monsen. 

Didymograptus minutus abounds on many surfaces of bedding, and proceeds 
to the lower strata of the overlying zone. Another frequent species is D. 
praenuntius. Trichograptus bulmani and Isograptus norvegicus make their ap- 
pearance in the unit, and trespass into the next younger one. They are accom- 
panied by Didymograptus suecicus ‘Tullberg. 

Further species obtained are: Didymograptus vacillans (at the very base of 
the zone), D. nanus Lapworth/minutus, Tetragraptus quadribrachiatus, T. 
ami, T. bigsbyi, and Clonograptus sp. 

Lingulella spp. and Broeggeria sp. are scarce. A Caryocaris, probably con- 
specific with C. monodon (Gurley), is more common. 


B 2. Zone of Phyllograptus densus and P. angustifolius elongatus. — 'Thick- 
ness 3.70 m (24.40—28.10 m). 

The shales of the unit resemble those of the underlying zone, and contain 
likewise a bed of limestone. In the lower part of the subdivision the shales are 
dark-coloured and rich in glauconite grains. The latter are often accumulated 
in thin, scattered layers of shale. In the upper beds the grains are scarce or 
absent. 

Nineteen graptolite forms have been encountered in the strata of the unit. 
Phyllograptus densus, P. angustifolius, and the long rhabdosomes of Phyllograp- 
tus angustifolius elongatus are frequent throughout the subdivision. P. rotunda- 


tus is less common. 
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Good index fossils are Didymograptus gracilis crassus and D. deflexus scani- 
cus n. subsp. The former occurs from the base to the top of the unit; the latter 
is lacking in the lowermost layers only. 

Two other forms characteristic of the zone are Azygograptus ellest and 
Tetragraptus bigsbyi askerensis. As evident from specimens found in the ex- 
posures of the locality they proceed to the top of the unit. 

Didymograptus minutus and D. praenuntius disappear in the lower part of 
the zone, while Trichograptus bulmani and Isograptus norvegicus still persist 
in the top strata. 

Other species obtained are: Didymograptus suecicus, D. kreklingensis Mon- 
sen, Tetragraptus bigsbyi, T. fruticosus (J. Hall) subsp.?, T. cf. harti T. S. Hall 
(27.80 m), Loganograptus kiaeri Monsen (24.55—24.60 m), and Clonograptus 
cf. rigidus (J. Hall) (26.10—26.15 m). 

At the 24.40 m level the shale strata are cut off by an oblique fault, revealed 
by a conspicuous surface of sliding. It dips about 45°. Above this surface a 
repetition takes place of the shale sequence. The overlying beds contain Didy- 
mograptus balticus, D. geometricus, and other graptolite species representative 
of the zone of Didymograptus balticus. These strata have been excluded from 
the core section in text-fig. 2. 

At the Flagabro rivulet the thickness of the zone is about 4 metres. 


Preliminary notes on the lacking top strata of the shales 


The uppermost strata of the Lower Didymograptus Shales are not repre- 
sented in the core. They have been exposed through diggings carried out on 
the southern bank of the Flagabro rivulet, about 70 metres south-east of the 
site of the drilling. The excavations extend from the Limbata Limestone to 
the top beds of the zone of Phyllograptus densus and P. angustifolius elongatus. 
The upper boundary of this zone (and of the Billingen Stage) is distinguished 
by a conspicuous layer of glauconite sand, a couple of centimetres thick. 

The overlying shales, which have a thickness of about 5 metres, are greenish 
grey, with seams of dark shale. They contain a characteristic graptolite fauna 
very different from that of the Billingen Stage. The Australian species Didymo- 
graptus distinctus Harris & Thomas is found all through the strata. It is as- 
sociated with D. slemmestadi Monsen, Azygograptus suecicus Moberg, and a 


peculiar species suggestive of an Orthograptus. Two stratigraphical units are 
discernible: 


C 2. Zone of Didymograptus distinctus and Isograptus gibberulus. 

G 1. Zone of Didymograptus distinctus and D. »patulus Térnquist». 

In the lower unit Didymograptus “patulus Térnquist” is abundant. It is ac- 
companied by an early form of D. hirundo Salter. 

These species are scarce in the the shales of the upper unit. This subdivision 
is, on the other hand, characterized by the occurrence of Maeandrograptus 
schmalenseei Moberg, Pterograptus n. sp., and — at higher levels — Isograptus 
gibberulus Moberg. 

The shales are overlain by Arenigian Limbata Limestone. 
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Description of subspecies 
Didymograptus deflexus scanicus n. subsp. 
at te ae 
Text-fig. 3. 


Name. — Latin scanicus = from the province of Scania. 

Hototyre (here selected). — Almost complete rhabdosome, numbered LO 
4011 T, and kept in the museum of the Palaeontological Institution of Lund. 

TYPE STRATUM AND TYPE LocaALITy. — Shales belonging to the zone of Phyllo- 
graptus densus and P. angustifolius elongatus, Flagabro, Scania. 

Dracnosis. — The subspecies differs from Didymograptus deflexus Elles & 
Wood in the distal portions of its stipes diverging at a far less open angle; 
furthermore, in a somewhat less number of thecae in a given length. 

Description. — As in the typical form described by Elles and Wood (1901— 
1918, p. 35, pl. II, figs. 12 a—c) the stipes are at origin narrow, and widen 
fairly rapidly to a breadth of about 1 mm. They diverge from the sicula to 
form an inverted V, but expand afterwards to include a more open angle. In 
scanicus this angle is less obtuse than in the specimens pictured by Elles and 
Wood. In the holotype of the subspecies it is about 110°, in another specimen 
about 120°. 

The stipes are slender, being at the aperture of the first theca in the holotype 
about 0.5 mm wide; at the 17th theca 0.9 mm. The thecae number 12 to 13 
in 10 mm (in the typical form, 14 thecae). They are inclined to the axis at an 
angle of about 30°. They are about three times as long as wide, and the outer 
margins free to one half their length. The apertural margin is slightly concave. 
The sicula is 2 mm long and slender (in text-fig. 3 it is broken). In the holo- 
type the stipes are about 15 mm long. 

OccurreNcE. — Zone of Phyllograptus densus and P. angustifolius elongatus 
(Arenigian). — Skane (Scania): Flagabro. 


Summary 


The stratigraphical subdivisions distinguished in the Lower Didymograptus 
Shales at Flagabro and their contents of graptolite and trilobite species are as 


follows: 


Fig. 3. Holotype of Didymograptus deflexus scanicus n. 


subsp. Photo- 
graph retouched by the author. — 2x. 
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Lower Didymograptus Shales (Arenigian) 
C. UNNAMED STAGE 


2. Zone of Didymograptus distinctus and Isograptus gibberulus: 

Isograptus gibberulus Moberg, Maeandrograptus schmalenseet Moberg, 
Pterograptus sp., Didymograptus distinctus Harris & Thomas, D. slemmestadi 
Monsen, Azygograptus suecicus Moberg, Trochograptus diffusus Holm, etc. 

1. Zone of Didymograptus distinctus and D. “patulus ‘Tornquist”: 

Didymograptus “patulus Térnquist”, D. hirundo Salter (narrow form), D. 
distinctus, D. slemmestadi, Azygograptus suecicus, Trochograptus diffusus, etc. 


B. BILLINGEN STAGE 


2. Zone of Phyllograptus densus and P. angustifolius elongatus. 

Phyllograptus densus Tornquist, P. angustifolius elongatus Bulman, P. 
angustifolius J. Hall, P. rotundatus Monsen, Didymograptus gracilis crassus 
Monsen, D. deflexus scanicus n. subsp., D. minutus Térnquist, D. praenuntius 
Tornquist, D. suecicus Tullberg, D. kreklingensis Monsen, Isograptus nor- 
vegicus Monsen, Tetragraptus bigsbyi (J. Hall), T. bigsbyt askerensis Monsen, 
T. cf. harti T. S. Hall, T. fruticosus (J. Hall) subsp.?, Loganograptus kiaert 
Monsen, Clonograptus cf. rigidus (J. Hall), Trichograptus bulmani.Monsen, 
and Azygograptus ellesi Monsen. 

1. Zone of Phyllograptus densus and Didymograptus gracilis. 

Phyllograptus densus, P. angustifolius, P. rotundatus, Didymograptus gracilis 
Tornquist, D. leptograptoides Monsen, D. protoindentus Monsen, D. minutus, 
D. nanus Lapworth/minutus, D. vacillans Tullberg, D. ensjéensis Monsen, D. 
praenuntius, D. suecicus, Isograptus norvegicus, Tetragraptus quadribrachiatus 
(J. Hall), T. amit Elles & Wood, T. bigsbyi, T. fruticosus campanulatus Mon- 
sen, Trichograptus bulmani, and Clonograptus sp. 


A. HUNNEBERG STAGE 


3. Zone of Didymograptus balticus. 

Didymograptus balticus Tullberg, D. balticus vicinatus Monsen, D. vacillans, 
D. vacillans attenuatus Monsen, D. minutus, D. holmi Térnquist, D. constric- 
tus (J. Hall), D. flexilis Monsen, D. suecicus, D. praenuntius, D. filiformis 
Tullberg, D. cf. pusillus Tullberg, D. geometricus Térnquist, Tetragraptus 
quadribrachiatus, T. amii, T. bigsbyi, T. bigsbyi divergens Monsen, T. aff. 
astericus Monsen, Dichograptus octobrachiatus (J. Hall), Loganograptus 
kjerulft. Herrmann, Herrmannograptus regularis Térnquist, Clonograptus 
herrmanni Monsen, Trichograptus dilaceratus Herrmann, and Phyllograptus 
rotundatus. In addition, Térnquist has collected Schizograptus reticulatus 
Nicholson, S. rotans Térnquist, and Temnograptus multiplex Nicholson. 

At the lower boundary of the zone some trilobite species have been encoun- 
tered. They are: Plesiomegalaspis planilimbata (Angelin), Symphysurus angu- 
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status Sars & Boeck, Cyclopyge gallica Tjernvik, and Pliomerops actinurus 
(Dalman). 

2. Zone of Tetragraptus phyllograptoides. 

Tetragraptus phyllograptoides Tornquist. In addition, Térnquist has col- 
lected Didymograptus undulatus Tornquist and D. constrictus. 

Trilobites: Plesiomegalaspis planilimbata, Niobella bohlini Tjernvik, Niobe 
cf. emarginula Angelin, Symphysurus angustatus, and Geragnostus wimani 
Tjernvik. 
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A Preliminary Report on a Boring through Middle Ordovician 
Strata in Western Scania (Sweden) 


By 


RAGNAR NILSSON 


Abstract: A drilling core from Kodangen, situated in the Fagelsang district, Scania, 
representing a section through the uppermost strata of the subzone of Climacograptus 
haddingi, the zone of Nemagraptus gracilis, and the lowermost part of the zone of 
Diplograptus multidens, is described. The portion of the core so far treated demon- 
strates the zone of N. gracilis of the Fagelsang district to be overlain by shales the lower 
part of which contains a graptolite fauna belonging to the zone of D. multidens. It also 
shows that these layers, following immediately above the zone of N. gracilis, can not 
be identical with those of the zone of Dicranograptus clingani in south-eastern Scania, 
and further that the zone of Diplograptus molestus ought not to be maintained any 
longer in the Fagelsang district. 


Our knowledge of the sequence of the Middle Dicellograptus shale in the 
Fagelsang district is imperfect. In order to establish in particular the nature of 
the layers following next above the zone of Nemagraptus gracilis, a boring was 
carried out at the Koangen farm in the spring of 1954 with the aid of a grant 
from Statens Naturvetenskapliga Forskningsrad (Swedish Natural Science Re- 
search Council). 

The analysis of the core is being undertaken by a team, and the writer has 
been entrusted with the examination of the layers underlying the Sularp shale 
and of the graptolites of the entire core. As the completion of the work is likely 
to take some time, it is considered desirable to publish the main facts hitherto 
established. To Professor G. Regnéll, Head of the Paleontological Institute of 
the University of Lund, I am very indebted for permission to work at this in- 
stitute, I also wish to acknowledge my obligation to Dr M. Lindstrém, Lund, 
who has facilitated the investigation in every way, to Mr S. Bergstrém for 
determination of some specimens of conodonts, and to Dr V. Jaanusson and 
Dr I. Strachan for their help in obtaining graptolite material from Great Britain 
for comparison. 

The drilling was carried out by the Svenska Diamantbergborrnings Aktiebo- 
laget (Swedish Diamond Drilling Co, Stockholm) between Feb. 29th and 
March 19th, 1954, at the Koangen farm, 200 m south-east of the farmhouse, 
about 4.7 km east of Lund. Permission to carry out the boring on the grounds 
of Koangen was kindly given by the owner, Mr Eric Andersson. 

The boring reached a depth of 70.30 m below the surface, and pierced Lower 
Dicellograptus shales with the uppermost part of the subzone of Climacograptus 
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haddingt, and the whole zone of N. gracilis; Middle Dicellograptus shales with 
Sularp shale; Upper Dicellograptus shales and Quaternary deposits. The diam- 
eter of the core is 70 mm. 

The Cambro-Silurian strata around Fagelsang have been subjected to con- 
siderable displacement after the deposition and consolidation of the sediments. 
This circumstance also characterizes the rocks of the core. Cracks or fissures, 
a fraction of one to five mm wide and filled with calite or pyrite, thus penetrate 
the shales as well as the limestone vertically or at an angle, their frequency 
changing with the depth. In general, the bedding surfaces are smooth, and 
undulating bedding planes have been observed as an exception only. The dip 
of the beds varies from 10° to 16°. Slip surfaces are not infrequent, and are 
usually accompanied by only slight dipping. 


Description of the Sequence 


LOWER DICELLOGRAPTUS SHALES 
Zone of Glyptograptus teretiusculus 
Subz. of Climacograptus haddingi (/70.30|/—67.35 m). 

Dark grey, almost black, very finely grained, sometimes calcareous shale and 
mudstone. Lens-shaped, black, finely crystalline limestone, up to 5 mm in 
thickness, occurs at various depths in the upper part of the subzone. Finely 
crystalline pyrite is common. The mineral is found in the form of scattered 
minute crystals or small aggregates, occasionally with small crystals of calcite. 
Pyrite is observed also as veins or in tubular, straight or winding form with a 
length up to 3 cm and a diameter of 1 to 4 mm. The pyrite often penetrates 
the shales vertically or obliquely. Fillings of the cavities of brachiopods or 
graptolites by pyrite are uncommon. Flakes of biotite up to about 1 mm in 
diameter occur infrequently, in general only a few flakes on a bedding plane. 
Between 67.73 and 67.51 m there are four beds of metabentonite. In the lower 
part of the core one or two nodules of phosphorite have been found, and be- 
tween 67.495 and 67.35 m a band of phosphorite occurs. The rock is dark 
grey, somewhat brownish, very finely grained, hard and very rich in pyrite in 
the form of microcrystals which are frequently concentrated in irregular, smal- 
ler or larger concretions or continuous layers. Pyrite is predominant in the 
upper half of the band. Small crystals of calcite or aggregates of the mineral 
occur in abundance, and also associated pyrite and calcite are common. The 
phosphorite is penetrated by numerous narrow cracks filled with pyrite or cal- 
cite, or both. Scattered flakes of biotite have been observed. 

In the phosphorite band fossils are scarce, and occur mostly in the form of 
microfossils, although traces of indeterminable, pyritic graptolites have been 
seen. The microfauna includes Rhabdochitina and other chitinozoans, and 
conodonts, e. g. Acontiodus sp.?, Prionodus sp., and Pygodus anserinus Lamont 
& Lindstrém. Scattered ostracods also occur. The zonal position of the phos- 
phorite band has been to some degree uncertain. Hadding (1913, pp. 14—17) 
was inclined to refer the band to the subzone of C. haddingi, while Hede (1951, 
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p. 66) considered it probable that the band belonged to the zone of N. gracilis. 
For the determination of the stratigraphic position of the band the occurrence 
of Pygodus anserinus is significant. This conodont is rather common in the 
upper part of the subzone of C. haddingi in Scania and corresponding strata 
of Great Britain (Lamont & Lindstrém 1957), and until now has not been 
found in higher horizons. Since the vertical range of the species does not seem 
to exceed the subzone of C. haddingi, which underlies the band of phosphorite, 
the band possibly represents the termination of the sedimentation of this zone. 
The zone is rich in fossils, the species encountered in the shale being: Desmo- 
graptus cf. tullbergi Hadding?, Azygograptus mobergi Hadding?, Janograptus 
laxatus Tullberg, Cryptograptus tricornis (Carruthers), C. tricornis schafert 
Lapworth, Glossograptus cf. armatus Nicholson, G. scanicus Hadding, Nema- 
graptus subtilis Hadding, Dicellograptus intortus Lapworth, D. vagus Hadding, 
Climacograptus haddingi Glimberg, C. scharenbergi Lapworth, C. cf. caudatus 
Hadding (non Lapworth), Diplograptus propinquus Hadding?, Amplexo- 
graptus perexcavatus (Lapworth), Glyptograptus teretiusculus (Hisinger), 
Gymnograptus linnarssoni (Moberg), Rhabdochitina sp. and other chitinozoans, 
sponge spicules,.scolecodonts, ostracods, phyllocarids, Obolus deltoideus Had- 
ding, O. ornatus Hadding, O. sularpensis Hadding, Leptobolus elatus (Had- 
ding), L. fimbriatus (Hadding), Hisingerella nana (Hadding), Paterula 
bohemica Barrande?, Lingula dicellograptorum Hadding, and Acontiodus sp.?, 
Pygodus anserinus Lamont & Lindstrém, and other conodonts. 

Zone of Nemagraptus gracilis (67.35—60.76 m = 6.59 m). 

This part of the core consists of dark grey to black, very fine-grained shale 
and mudstone. Pyrite is relatively scarce and occurs mostly as separate very 
minute crystals which are occasionally concentrated into more or less small 
irregular aggregates. Small flakes of biotite are common, especially in meta- 
bentonite, 15, usually thin, beds of which have been observed. Occasionally 
layers, at the most 4 cm thick, of dark grey or black, hard, mostly finely crystal- 
line limestone, often with quite numerous minute crystals of pyrite, occur, 
- especially in the uppermost part of the core. Fossils are scarce in the limestone. 
Where adjacent to the limestone the shale is often more or less calcareous. The 
zone is very fossiliferous, with the graptolites predominant. The following grap- 
tolites have been found: Corynoides curtus Ruedemann, C. curtus pristinus 
Ruedemann, C. incurvus Hadding, Glossograptus cf. armatus Nicholson, Glosso- 
graptus sp., Leptograptus aff. grandis Lapworth, L. cf. flaccidus Hall, L. validus 
cf. incisus Elles & Wood, Leptograptus sp., Nemagraptus gracilis (Hall), N. 
gracilis remotus Elles & Wood, Dicellograptus divaricatus salopiensis Elles & 
Wood, D. sextans exilis Elles & Wood, Dicranograptus ramosus (J. Hall), Cl- 
macograptus antiquus Lapworth, C. bicornis (J. Hall), C. bicornis tridentatus 
Lapworth, C. brevis Elles & Wood, C. scharenbergi Lapworth, Diplograptus 
molestus Thorslund, D. notabilis Hadding, D. toernquisti Hadding, Amplexo- 
graptus perexcavatus (Lapworth), Glyptograptus teretiusculus (Hisinger), G. 
euglyphus Lapworth, Orthograptus apiculatus (Elles & Wood) ?, Hallograptus 
mucronatus (J. Hall), Lasiograptus costatus Lapworth, Retiograptus geinit- 
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zianus J. Hall, Lasiograptus spinatus Hadding. Other fossils are: Conochitina 


sp., Rhabdochitina sp., — a form similar to Conochitina campanulaeformis 
Eisenack is abundant in the lower part of the zone, while the genus Rhab- 
dochitina makes its appearance in the zone at 65.83 m — sponge spiculae 


(Hexactinellida), Obolus cf. celsus Hadding, O. spp., Leptobolus elatus 
(Hadding), L.? kiaeri (Hadding), Paterula bohemica Barrande, P. sp., Lingula 
dicellograptorum pulla Hadding, Hisingerella nitens (Hisinger), Onniella sp. 
Sericoidea sp., Orthoceras sp., scolecodonts, ostracods, phyllocarids, conodonts, 
undetermined microfossils. 


MIDDLE DICELLOGRAPTUS SHALE 


Zone of Diplograptus multidens (60.76—57.99 m +). 

The shale and mudstone in this part of the core are similar to the beds in 
the gracilis zone. There occur in addition — especially in the upper part — 
numerous layers of a dark grey to black, finely crystalline hard limestone and 
thin beds of metabentonite, where cracks are particularly common. In the fauna 
graptolites and chitinozoans predominate, brachiopods occupying a more 
modest place and scolecodonts, ostracods, conodonts, and other organisms 
usually only scantily represented. There are no indications of a bottom fauna. 
Richly fossiliferous layers with numerous bedding planes entirely covered with 
graptolites alternate with layers poor in fossils. In the limestone fossils are rare, 
and the metabentonites are in general unfossiliferous. The graptolites in the 
zone of D. multidens are partly the same as in the zone of N. gracilis. They are: 
Corynoides curtus Lapworth, C. curtus pristinus Ruedemann, C. incurvus 
Hadding, Nemagraptus gracilis (Hall), N. gracilis remotus Elles & Wood, 
Dicellograptus divaricatus salopiensis Elles & Wood, Climacograptus antiquus 
Lapworth, C. bicornis (J. Hall), C. brevis Elles & Wood, C. scharenbergi 
Lapworth, Diplograptus molestus Thorslund, Glyptograptus euglyphus Lap- 
worth, G. teretiusculus (Hisinger), Hallograptus mucronatus (J. Hall), and 
Lasiograptus costatus Lapworth. In all 15 species or varieties are represented. 
In addition to these the following graptolites appear here for the first time: 
Corynoides tricornis Ruedemann, C. cf. gracilis Hopkinson, Dicellograptus cf. 
patulosus Lapworth, D. cf. pumilus Lapworth, Climacograptus antiquus line- 
atus Elles & Wood, C. modestus Ruedemann, C. peltifer Lapworth, C. wilsont 
Lapworth?, Diplograptus multidens (Elles & Wood), D. multidens cf. com- 
pactus (Elles & Wood), Amplexograptus arctus Elles & Wood, Glyptograptus 
teretiusculus cf. siccatus Elles & Wood, Orthograptus calcaratus (Lapworth), 
O. calcaratus cf. acutus Lapworth, O. calcaratus cf. incisus Lapworth, O. trun- 
catus cf. intermedius Elles & Wood, O. vulgatus Lapworth, Hallograptus bi- 
mucronatus (Nicholson), Lasiograptus harknessi (Nicholson). In the remaining 
part of the fauna chitinozoans, including the genera Conochitina and 
Rhabdochitina are predominant. Other fossils are: Sponge spicules (Hexactinel- 
lida), Obolus spp., Leptobolus elatus (Hadding), L.? kiaert (Hadding), Pa- 
terula sp., Hisingerella nitens (Hisinger), Onniella sp., Sericoidea cf. restricta 
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(Hadding), Sericoidea sp., “Orthoceras” sp., scolecodonts, ostracods, phyl- 
locarids, Acontiodus sp., Paracordylodus sp., Roundya sp.? Panderodus sp., cf. 
Prioniodus sp., and other conodonts, and Thamnograptus sp.? 


Stratigraphical Remarks 


Moberg (1896, pp. 15—16) stated that the layers above the zone of Nema- 
graptus gracilis in western Scania were identical with the zone of Dicrano- 
graptus clingani in south-eastern Scania, in spite of the fact that they were 
characterized by Climacograptus rugosus Tullberg (= Diplograptus molestus 
Thorslund) instead by D. clingani. He designated them as the zone of Climaco- 
graptus rugosus Tbg., but referred to the beds in a later publication (1907, 
p. 80) as the “zone of Dicranograptus clingani Carr. or Climacograptus 
rugosus Tullb.”. Olin (1906, p. 79) found specimens of D. clingani together 
with C. rugosus, and Térnquist (1913, p. 421) considered that the zone of C. 
rugosus ought to be identical with the zone of D. clingant. In 1915 Hadding 
stated that the Middle Dicellograptus shale could be divided into the following 
zones (in descending order) : 


Zone of Climacograptus styloideus 
Dicranograptus clingant 
Amplexograptus vasae 
Climacograptus rugosus 


In the Fagelsang district the zone of C. styloideus is absent as far as we can 
tell at present and, according to Moberg (1896, p. 15) the zone of D. molestus 
has been considered to be equivalent to the zone of D. clingani in south-eastern 
Scania, though characterized by D. molestus instead of D. clingani. Since D. 
molestus is one of the predominant graptolites of the zone of Nemagraptus 
gracilis in the Fagelsang district (Hede 1951, p. 67), its use as an index fossil 
for a zone named by it is unsuitable. 

Lithologically the portion of the core examined so far is fairly uniform, and 
the sedimentation seems to have proceeded continuously at least from the de- 
position of the zone of Nemagraptus gracilis. The only lithologically conspic- 
uous stratigraphic break is marked by the phosphorite band between the zones 
of Climacograptus haddingi and Nemagraptus gracilis, provided that the thin 
layer of metabentonite overlying the N. gracilis zone should not be regarded as 
a sign of a break. In any case this layer constitutes a defined faunistic limit with 
new graptolite species appearing in the shale overlying the metabentonite. 

Orthograptus calcaratus and in even larger numbers O. vulgatus make an 
appearance here, and characterize the fauna in the core between 60.76 and 
58.20 m. These species, either separately or both together with other graptolites 
such as Corynoides cf. curtus pristinus, Dicellograptus divaricatus salopiensis, 
Climacograptus antiquus, C. modestus, Diplograptus molestus, Glyptograptus 


cf. euglyphus, Lasiograptus costatus, and Hallograptus bimucronatus often | 
cover the bedding planes. 
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From a stratigraphic point of view the orthograptids are of considerable 
importance. O. calcaratus, which in Sweden is known from the zone of 
Dicranograptus clingani in south-eastern Scania, appears in Great Britain in 
the zone of Climacograptus wilsoni, and reaches its greatest abundance in the 
zone of Dicranograptus clingani. According to Pocock etc. (Dean 1958, p- 
227) O. vulgatus is common in the zone of Diplograptus multidens in Shrop- 
shire, its vertical range extending through this zone and even into the zones 
of C. wilsoni and D. clingani. Of interest also is O. truncatus cf. intermedius, 
recorded in a few specimens, which is common in Great Britain in the zones 
of D. multidens and C. wilsoni, and which occurs likewise in the zone of D. 
clingani. Other stratigraphically important diplograptids are D. multidens 
and D. multidens cf. compactus. In Great Britain the former is confined: to 
the zones of D. multidens and C. wilsoni, while the latter is encountered also 
in the zone of D. clingani. Furthermore, O. apiculatus and C. peltifer 
are reported in Great Britain only from the zone of D. multidens, and 
Lasiograptus harknessi from the zone of D. multidens, C. wilsoni and D. 
clingant. 

This evidence seems to suffice for assigning the~graptolite assemblage in 
the core immediately above the N. gracilis zone to the zone of Diplograptus 
multidens. Examination of the vertical range of certain graptolites ascending 
from the gracilis zone lends further support to this opinion. Thus D. divari- 
catus salopiensis, C. cf. brevis, and Hallograptus bimucronatus do not go 
beyond the zone of D. multidens, and C. antiquus lineatus, Glyptograptus 
teretiusculus, G. euglyphus, and Lasiograptus costatus do not exceed the zone 
of C. wilsoni. In the core the species mentioned decrease in number in upward 
direction, and, with exception of D. divaricatus salopiensis, have not been 
observed from 58.33 to 57.99 m. 

Somewhat remarkable is the simultaneous occurrence of older and younger 
graptolite species which here appear with 15 species or varieties ranging up- 
wards from the gracilis zone, and 19 species appear for the first time. This 
mixed fauna together with the great “burst” of Orthograpti constitutes in 
reality an analogy to similar conditions which, according to Elles (1937), 
characterize the transition beds (zone of Diplograptus multidens) in Great 
Britain, and which have been recorded also from the beds at Sularp (Nilsson 
£953). 

The above observations seem to confirm the opinion (Nilsson, |. c.) that 
the layers following immediately above the zone of Nemagraptus gracilis in 
the Fagelsang district could not be identical with the zone of Dicranograptus 
clingani in south-eastern Scania, and that with regard to the vertical range 
of Amplexograptus rugosus these layers ought not to be assigned to a zone of 
Amplexograptus rugosus (= Diplograptus molestus). The layers immediately 
above the zone of Nemagraptus gracilis must instead be included in the Diplo- 
graptus multidens zone corresponding to that zone in Wales in Great Britain. 


x According to Elles (1937, p. 486) rare finds of C. peltifer have been made in the zone of WN. gra- 
cilis in South Wales. _ 
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The upper limit of the multidens zone has not yet been defined, but the 
overlying Sularp shale (Lindstrém 1953) should probably be assigned to the 
zone of D. multidens also. 


Some Notes on the Metabentonite 


It has been considered advisable not to burden the foregoing account with 
further mention of a series of thin layers, probably altered volcanic ashes — 
in this paper called metabentonite — which have been observed in the core. 
The metabentonite is light grey to dark grey, sometimes with a slight greenish 
tint, and owing to its colour and soft nature contrasts sharply with, and is 
clearly defined from the dark, relatively hard mudstone. The metabentonic 
rock, which rapidly breaks up and disintegrates in water, often contains nu- 
merous regularly distributed, very minute crystals and grains of pyrite, ex- 
ceptionally concentrated into thin lamellae. Flakes of biotite up to 1 mm in 
diameter are common, occurring sometimes in large numbers. The layer 
below the metabentonite mostly consists of dark grey to black limestone or 
calcareous hard mudstone. Where present, the limestone is crystalline, and is 
underlain by hard mudstone with numerous small crystals or aggregates of 
calcite, which progressively increase in numbers in an upwards direction. Oc- 
casionally also the layer above the metabentonite consists of a similar lime- 
stone which seems to have been formed by concentration of small crystals of 
calcite. 

In the uppermost part of the zone of Climacograptus haddingi 4 beds of 
metabentonite are found, in the zone of Nemagraptus gracilis there are 15, 
and in the lower part of the zone of Diplograptus multidens 17 layers of this 
rock. The beds are very thin — none exceeding 3.5 cm and half less than 0.5 
cm — and no correspondence has been observed to the bentonite beds in the 
gracilis zone of Bornholm which in places are nearly 110 cm thick (Gry 1948, 
p. 374). In this connection it is worth mentioning that about 40 bentonite beds 
occur in the still unexamined upper part of the core which ought to be cor- 
related with other corresponding occurrences in Scandinavia. Thus, the beds 
between 40.82 and 41.76 m probably correspond to those at Mossen and Kulla- 
torp in Vastergétland with thicknesses of 180 and 170 cm resp. (Thorslund 
1948) and to the thick layer at Billingen in the same district (Bystrém 1957). 
Also the bentonite bed XII at Sinsen in Norway (Hagemann & Spjeldnaes 
1955) should be attributed to the same period of volcanic activity. 

The opinion that the bentonite beds in the Middle Ordovician of Sweden 
decrease in thickness towards the south, or, more exactly, towards Scania- 
Bornholm, seems to be based on the fact that the bentonite beds hitherto 
known from these peripheric parts of the area, within which the volcanic 
material is distributed, seem to be relatively thin. However, there is reason to 
suppose that tectonic disturbances which are more frequent in the southern 
area of Fennoscandia than in the Cambro-Silurian region of Vastergdtland 
may have in some other way reduced the original thickness of the beds in 
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question. Similar conditions within the Oslo district in Norway are due to 
the Caledonian folding (Hagemann & Spjeldnaes 1955, Do 33). 


Distribution of the Metabentonite Beds in the Core between 57.99 and 70.30 m. 
ee eee te Se ee 


Depth below Surface oo = | Depth below Surface Thickness of 
Bed 
Z.o. Diplograptus multidens. Z.o. Nemagraptus gracilis. 
57.990—58.000 m .... 0.1 cm 60.760—60:770 m .... 0.7 cm 
58.050—58.051 ...... 0.1 61.010—61.055 ...... < 0.1 
fetal en a ae il 6110 =— 61125) oe 15 
58.198—58.200 ...... 0.2 61.145—61.150 ...... 0.5 
58.285—58.287 ...... 0.2 G15 30 Olle 40 Neen 1.0 
58.351—58.355 ...... 0.4 61.705—61.740 ...... 3) 
58.642—58.643 ...... 0.1 63.345—63.370 ...... Pe) 
58.680—58.705 ...... rae 63.600—63.602 ...... 0.2 
58.845—58.900 ...... 15 63.875—63.877 ...... 0.2 
58.705—58.970 ...... 0.1 64.310—64.320 ...... 0.1 
59.170—59.174 ...... 0.4 65.800—65.805 ...... 0.5 
5931059 335 oe aso Zo 66.345—66.350 ..<... 0.5 
99.528—59.530 ...... 0.2 66.680—66,840-...... OM 
59.599—59.600 ...... 0.1 67.050—67.060 ...... —0al 
60.000—60.010 ...... 1.0 OHA 29-—b7 127 eee 0.2 
60.210—60.225 ...... eS 
60.379—60.380 ...... 0.1 Z.o. Climacograptus haddingt. 


67510-67912, oa. 
67.600—67.620 ...... 
67.685—67.690 ...... 
67.725—67.730 ...... 


SaaS 2 
 O1 NO NO 
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Enrichment of Organic Matter from Clays 
By 


G. AssaRsson and V. GrunpDuLIS 


Geological Survey, Ghemical Laboratory 
Stockholm 50 


Sedimentary formations precipitated under marine or lacustrine conditions 
generally contain organic matter in varying amounts and of varying origin. 
The organic substance often plays an essential role in the properties of the 
sediments and even small variations in organic matter may be important in 
geological and geotechnical problems. 

The organic matter in minerogenic sediments can be thought as behaving 
in the following way. The common hydrophilic clay minerals (mica, kaolinite, 
montmorillonite) and other minerals (quartz, feldspar) occur in textures 
characterized as “honeycomb”, “network”, “cardhouse”’, “haystack”, by dif- 
ferent authors; a summary is given by Rosenqvist (1). The consolidation of 
the sediments is thought to take place by the linking of hydroxyl bridges or 
other ions between the hydrated clay particles. In most Quaternary clays the 
minerals have been mixed with a hydrophilic organic substance, chiefly con- 
sisting of phyto-detritus (“gyttja”) originating from plants of various kinds. 
One may imagine the organic detritus adhering to the polarized elements of 
the minerals and in this way stabilizing the texture mentioned above. The 
chemical properties and the amount of the organic detritus should therefore 
be of considerable importance in distinguishing the physical behaviour of the 
clays. 

In most cases Quaternary minerogenic clays contain rather low amounts 
of organic matter, making thorough investigations of its properties difficult. 
For example, determination of the composition of the organic matter is com- 
plicated by the presence of hydrophilic minerals. For this reason the amount 
of organic matter is generally calculated approximately by multiplying the 
carbon content by a factor. A better knowledge of the properties of organic 
matter in soils can be gained if this component is enriched in a convenient 
manner. 

While working with flotation of organic matter in Cambrian sediments of 
sapropelitic character, the present writers, stimulated by discussions with dr 
J. Eklund, decided to try similar methods with Quaternary sediments. It 

‘would be most advantageous if such a procedure could achieve a 10-fold con- 
centration or more. The method for the flotation of organic matter, which 
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had been successfully used with Cambrian shales, was therefore applied after 
some minor changes to Quaternary sediments. The procedure is described 
below. 

We always start with samples having natural water content. There is no 
essential objection to the use of slightly air-dried samples provided that they 
can be dispersed in water without difficulty. It should be kept in mind, how- 
ever, that some properties of the organic components can change considerably 
during air-drying. 

The sample, corresponding to about 10 g air-dried clay, is dispersed in 
0.01 N ammonia water to form a thick slurry. This slurry is transferred into 
a mechanical mixer together with ammonia water and 25 ml ligroin (b.p. 
60—85°), mixed for 5 minutes and gradually diluted up to about one liter. 
The mixture is than transferred to four or five glass cylinders of about one 
liter each. After the cylinders are filled nearly to the brim with ammonia 
water, the suspension is mixed thoroughly and left to settle for about 24 hrs. 
The ligroin gradually floats up to the surface together with most of the 
organic matter. The collected fractions are washed carefully by centrifuging 
with acetone and dried in an air bath at 60°. The flotation procedure is 
repeated two or three times or as long as additional organic matter is gained. 

About 15 samples of organic detritus-bearing clay material from a vertical 
section through a predominantly marine clay were treated according to 
the above method; some results are given in Table I. Six of the samples 
of Table I were treated only once; in some cases the samples could be divided 
into more than two fractions by centrifugation (samples 2 and 5). One sample 
was treated twice (sample 7). In all preparations from the clay section an 
enrichment was achieved, the lowest and highest factors of enrichment being 
about 2.5—7 for the samples treated once; for the twice-treated sample the 
factor was 10. From the experiments it also seems probable that a separation 
of the organic detritus itself into fractions with different properties could be 
made by suitable arrangements. It is also possible to gain an advantageous 
enrichment of certain phyto-fragments for other purposes (pollen analysis, 
age dating). b 

The calculation of the composition of the phyto-detritus based on the 
enrichment above, and the investigation of other properties will not be 
reported here. The present report is intended only to underline the feasibility 
of the procedure described above. The investigation will be continued. 
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On the Relations between Kinetometamorphism and 
Metasomatism in Granitization 


Some Examples from the Archean of Eastern Sweden 
By 
SVEN GAVELIN 


Mineralogical Institute, University of Stockholm 


Abstract 


Some problems concerning the relationship between the kinetometamorphism and 
metasomatic transformation during granitization and formation of veined gneisses are 
discussed. The discussion is based mainly on certain field examples in the Stockholm 
and Vastervik areas of Central and Southern Sweden to be visited during excursions 
connected with the 21st International Geological Congress. 

The mechanical behaviour of various rock types are considered in the light of their 
structural patterns, the purpose being to establish the relative plasticity/rigidity of the 
rocks during deformation. Reaction zones surrounding inclusions of metabasite or 
metaarenite in pegmatitic veined gneisses indicate a mineral formation which involves an 
exchange of chemical elements between the gneiss mass and the inclusions. The reac- 
tions took place in the presence of a mobile phase which supplied some water and po- 
tassium to parts of the rock sequence. Whereas the mineral compositions of the inclu- 
sions indicate their mineral development to have occurred under amphibolite facies 
conditions, the reaction zones represent epidote-amphibolite facies. 

Pure quartzites are found to behave plastically when metabasite fractures. Bodily 
flow of those quartzites that border on amphibolite is sometimes found to be connected 
with an intense replacement of the quartzites by plagioclase. The process leads to the 
formation of pegmatitic or granitic rocks possessing high mobility. 

It is suggested that the migration of chemical elements and diffusion connected with 
granitization and pegmatitization can be profoundly facilitated through kinetometamor- 
phism under certain conditions and that kinetometamorphism therefore must be con- 
sidered an important factor in interpretations of granitization and pegmatitization phe- 
nomena. 


Introduction 


The present paper is intended to give a brief account of certain granite- 
gneiss problems which will be met with during excursions connected with the 
21st International Geological Congress. The examples to be considered are 
located in the Stockholm and Vastervik areas on the Swedish east coast. The 
investigations in the areas mentioned are not yet complete, and it is therefore 
not possible to give a comprehensive presentation of all the geological features 
which may have a bearing on the problems outlined. However, some of the 
results already gained seem to offer interesting and more general aspects on 
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granite-gneiss problems and it may therefore be justified to present a prelimi- 
nary report. 

The material to be presented refers mainly to certain structural patterns and 
their interpretation. At present the discussions must be focussed mainly on field 
data. The two areas mentioned are perfectly suited for an approach of this 
kind, since there are excellent outcrops, which often make it possible to record 
structural features in great detail. 

I am well aware that the structural patterns discussed are not unique, and 
any geologist who has worked in similar gneiss and granite regions will be 
familiar with most of them. The figures on the following pages are produced 
merely to exemplify a structural development which may be taken to charac- 
terize many granite-gneiss areas. They are intended to serve as a basis for a 
discussion of certain ideas of the author concerning genetic problems of granites 
and gneisses and which are founded not only on the observations described in 
the present paper but also on many years of personal experience from field 
work in various Fennoscandian Archean regions. 


Comments on the Geology of the Stockholm and Vastervik Areas 


In the present connection the geology of the Stockholm and Vastervik areas 
will not be comprehensively treated. A brief survey of the rocks and the geo- 
logic evolution is presented in the guide to Excursions A28—C23 of the 21st 
International Geological Congress (Gavelin—Lundegardh, 1960). 

Veined gneisses are common in both areas. Their structural patterns are 
indicated by the figures in Magnusson (1938; the Stockholm area) and Du 
Rietz (1947; the V4stervik area). Transitions between gneisses and granitic 
rocks are frequently met with, but clearly late- or post-kinematic granites and 
pegmatites also occur, which penetrate and brecciate the gneisses. Feldspathi- 
zation leading to augen-gneisses is fairly common; it often develops selectively 
in stratified or otherwise heterogeneous rock sequences. The gneisses south of 
Stockholm generally contain almandite, cordierite, and sillimanite (in addition 
to the chief constituents quartz, plagioclase, microcline, biotite, and some musco- 
vite); in the Vastervik gneisses sillimanite is an abundant constituent. 

The gneisses to be discussed in the present paper are assumed to have been 
mainly formed from sediments, but basic volcanic and plutonic rocks were also 
present in the rock sequence affected by metamorphism. The metabasites — 
now appearing as amphibolites — may originally have represented basic tuf- 
fites, lavas, dikes or sills, or diorites and gabbros. In the Stockholm area early- 
orogenic tonalites or granodiorites have sometimes been taken up in the gneiss 
metamorphism. The sediments in the Stockholm area are believed to represent 
a sequence of wide lateral extension and corresponding to the Larsbo sediments 
in Central Sweden (Bergslagen), described by Hjelmqvist (1935). On the 
whole they can be characterized as members of the graywacke suite in the sense 
of Pettijohn (1957). Poorly sorted beds of argillaceous and arenaceous beds 
frequently alternate. The development of the gneisses south of Stockholm makes 
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it probable that arenites were subordinate as compared with the argillaceous 
eraywackes. In the Vastervik area, on the other hand, the arenaceous members 
of the sedimentary column are much more frequent, and fairly pure quartzites 
(orthoquartzites) often dominate quantitatively. This is an important differ- 
ence between the two areas, especially in respect to the mechanical behaviour 
of the rock sequences during tectonism. 

In both areas the gneiss formation is intimately connected with strong 
tectonism which has created highly varying and complicated patterns. It is 
believed that this tectonism was preceded by a phase of gentle folding. The 
movements connected with regional thermal and metasomatic metamorphism 
(gneiss formation and granitization) are characterized by intense shearing. In 
the opinion of the author this phase of deformation caused the regional arc- 
structure characteristic of the areas south of Stockholm. 


Physical Properties of the Rocks in the Stockholm and Vastervik Areas 


At present no reliable quantitative data are available concerning the physical 
properties of the rocks in the two areas mentioned which would make it pos- 
sible to give accurate values of the amounts of stress and strain necessary to 
cause fracturing, flow, etc. On the other hand, the structural patterns as 
revealed in outcrops frequently give a good idea of the relative flow/rupture 
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Fig. 1. Originally argillaceous and arenaceous interbeds in i 
‘ and arenaceo metamorphic graywack 
sediments, Graded bedding is still discernible. Uto, souiteactcch arc = 
(the Stockholm area). 
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Fig. 2. Bedded graywacke sediments displaying transverse schistosity in the argillaceous 
layers. Ut6, southeastern shore (the Stockholm area). 


ability. The following members of the rock sequences in the Stockholm and 
Vastervik areas will be considered: 

1. Originally arenaceous sediments, in the Vastervik area often developed as 
pure quartzites. 2. Originally argillaceous sediments. 3. Veined gneisses, i.e. 
gneisses with considerable amounts of pegmatitic or granitic matter, but where 
original sedimentary features are indicated as relict bands or as diffuse bands 
or schlieren of micaceous gneiss. 4. Metabasites. 5. Homogeneous, individual- 
ized fine-grained granite and pegmatite. 

Firstly areas outside the gneiss areas proper will be considered. From the 
regional experience of the tectonic development in the areas mentioned it is 
postulated that the structural patterns exemplified by figures 1—8 below were 
formed approximately during the same phase of tectonism as caused the compli- 
cated gneiss patterns in adjacent areas. This does not mean that all movements 
were exactly synchronous within and outside the gneiss areas. The field data 
show, that the deformation often occurred in several steps. Within each area, 
however, all the structures exemplified and discussed below are believed to 
have been formed in close connection with that kind of thermal and meta- 
somatic metamorphism which produces gneisses and granitic rocks. 

The relations between the arenaceous and argillaceous members of the sedi- 
ments under the pertaining stress conditions are exemplified by figs. 1—4, rep- 
resenting the sediments of the Stockholm area (Ut6), and by figs. 5—8, rep- 
resenting the Vastervik area. Normal bedding is illustrated by Figs. 1, 2, and 5. 
In fig. 2 the difference in physical properties between the various beds is shown 
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Fig. 3. Folded bedded graywacke sediments displaying transverse schistosity in the 
argillaceous beds. Ut6é, southeastern shore (the Stockholm area). 


by the occurrence of cleavage and schistosity in the metaargillites, orientated 
obliquely towards the primary bedding. The movements in the rock mass has 
in this case evidently been restricted to small intergranular glidings in the beds 
of poor competence. The metaargillites were very mobile and when stress 
causes folding the competent metaarenites react in part by fracturing, whereas 
the metaargillites react by flow (figs. 3 and 4). Exactly the same kind of 
evolution is demonstrated by figs. 6—8. Figs. 6 and 7 are from the same locality 
and clearly show, how the metaarenite beds can only be plastically folded to a 
certain degree; thereafter they fracture and appear as irregular, deformed 
blocks in the metaargillite. If particular disharmonic stress conditions are real- 
ized, turbulent flow may be initiated which results in plastic folding of the S- 
planes, formed during an earlier phase of the deformation (fig. 8). 

In the gneiss areas a difference between poorly competent and highly com- 
petent rock sections is still more obvious. It is a common experience in both the 
Stockholm and Vastervik areas that the development of veined structure in an 
interbedded arenaceous-argillaceous rock sequence has begun in the argil- 
laceous beds. Now, since the argillaceous beds were originally poorly sorted 
they generally contained sandy material and there may have been gradations 
between the various chief constituents of the sedimentary sequence. However. 
where clearly separate beds of original sandstone occurred in association with 
shaly sediments the former are often still identifiable, sometimes as irregular 
inclusions in the veined gneiss mass. Thus, in the Vastervik area narrow belt: 
of gneiss of the same appearance as the main rock in fig. 12 are found in mas. 
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Fig. 4. Fractured pieces of competent metaarenite beds in incompetent metaargillite.Uté, 
southeastern shore (the Stockholm area). 


sive pure quartzite, which shows no other sign of metamorphism than intense 
recrystallization. In cases where the gneiss dominates, the same kind of quartz- 
ites appear as lenses or irregularly shaped blocks in the veined gneiss and are 
generally arranged in rows which indicate the original bedding. It was men- 
tioned above, that there is good reason to believe that the veined gneisses in 
the Stockholm area are derived from mainly argillaceous sediments. Sometimes, 
however, remnants of metaarenites can be observed (fig. 11), the structural 
pattern then definitely showing them to have been more competent than the 
gneiss portion. 

The metabasites behaved in the same way as the arenites. Figs. 9 and 10 are 
from outcrops close to that in fig. 11 and represent very typical patterns in an 
area where movements were to great extent turbulent. Fig. 9 represents the 
deformation pattern of a rock mass, where several layers, dikes, or sills of basic 
rocks apparently have existed prior to the metamorphism of the neighbouring 
fine-grained graywackes. The occurrence of flow lines in the gneiss makes it 
sometimes possible to trace the original connection between the various 
metabasite pieces. In fig. 10 a connection between the metabasite blocks is no 
longer discernible; these metabasites apparently occurred in thicker beds or 
intrusions before the beginning of the movements. Fig. 12 from the Vastervik 
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Fig. 5. Originally arenaceous and argillaceous sediments. Small. sand-filled cracks in 
the interbedding argillaceous beds. L. Appelholmen (the Vastervik area). 


area shows how metabasite dikes, probably due to boudinage, were broken and 
how the pieces have drifted apart. 

The above examples show clearly that the development of the veined gneiss 
was connected with intense movements, that the gneiss mass was highly mobile 
at a certain stage of its evolution and reacted by plastic flow, whereas the pure 
metaarenites and metabasites reacted by fracturing. 

The physical differences between the veined rock portion on one hand and 
metaarenites and metabasites on the other were too great to permit conclusions 
on the mutual relations between the two last-mentioned rock types when sub- 
jected to a common strong stress. The Stockholm sediments contain little pure 
arenite material and can therefore give no information in this respect. The 
Vastervik area is characterized by large masses of frequently very pure quartzites 
(with 90—99 % quartz) which are sometimes cut by abundant metabasite 
dikes or sills. Some very interesting and illuminative examples on the behavior 
of these rocks when subjected to strong stress will be given below. 

On walking along the southeastern shore of Grénd, S. W. of Sparédsund, 
one first crosses a several hundred meters broad belt of very pure, coarse, mas- 
sive quartzite. Some narrow beds of veined gneiss about a meter wide and 
striking W.N.W.—E.S.E. are first met with. Towards the north the veined 
gneiss increases in importance and at the southern end of Sparésund only 
narrow beds of quartzite are found in the gneiss. (Fig. 12 is from this northern 
part of the section.) The sequence apparently represents a transition from pure 
quartz sandstones into a series where thin layers of feldspathic sandstone alter- 
nate with argillaceous graywacke. Both the pure quartzites and the fine-bedded 
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Fig. 6. Folded interbedded graywacke sediments. The competent metaarenite layers in part 
fractured. Almviksnas, western shore (the V4stervik area). 


sediments contained metabasites. The entire rock sequence has been affected 
by intense shear parallel to the bedding. The behavior of the metabasites in the 
bedded sediments which were transformed to veined gneisses is described above. 
The metabasites occurring in pure quartzites are mostly parallel to the main 
orientation of the bedding and consequently also to the direction of shear. 
These metabasites have sometimes been submitted to boudinage and then ap- 
pear as lenses, which form rows that indicate the original direction of the dikes. 
Consequently the metabasite was more competent than the quartzite. The 
general impression given by the structural patterns is, however, that the dif- 
ference in physical properties was not so great between the quartzite and the 
metabasite as between the veined gneiss and the metabasite. Nevertheless the 
quartzite must have yielded by plastic flow when the metabasite failed by 
fracture. The ability of the quartzite to flow is illustrated by fig. 13 from the 
quartzite portion of the rock section described above. In this case a metabasite 
cuts the direction of shear at an angle of around 30°. Parallel to the direction 
of shear the metabasite is transected by narrow bands (1—2 cm wide) of 
quartzite (see fig. 13). The mechanism by which this structure originated seems 
obvious: Strong shearing stress caused a set of shear fractures to develop in the 
metabasite. Under the prevailing pressure conditions the quartzite was suf- 
ficiently plastic to be squeezed into the dike fractures; a certain tensional stress 
component acting in the direction of the dike may also have contributed to the 


flow. 
Principally similar relations have been observed in several places within the 
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Fig. 7. Deformed pieces of competent metaarenite beds in incompetent metaargillates as a 
result of strong shear in bedded graywacke sediments. Almviksnas, western shore (the Vastervik 
area). 


Vastervik area. Fig. 14 is a sketch of a thicker metabasite intrusion which con- 
tains inclusions of quartzite. Quartzite was squeezed into cracks in the metabas- 
ite, but in this case a certain flow in parts of the metabasite also seems to have 
occurred, apparently as a late stage of deformation, which caused schistosity 
in the metabasite and splitting of the quartzite veins. Two samples of quartzite 
from this locality (of xenoliths and veins respectively) were examined by petro- 
fabric analyses of the quartz orientation. Preferred orientation was found in 
both samples but the petrofabric diagrams are definitely different. It is obvious, 
however, that a comprehensive discussion of the relations between quartz orien- 
tation and the movements requires further analytic data from more material. 
In the present preliminary report it may only be stated that petrofabric dia- 
grams indicate the boundary faces between metabasite and quartzite to have 
influenced the quartz orientation in the quartzites. 

Fig. 15 is another example of quartzite squeezed into a metabasite dike from 
_the southern part of the area examined. In this case the thin quartzite “vein” 
is seen to attain a pegmatitic development. 

Figs. 16 and 17 show similar relationships between metabasite and quartzite 
at a fourth locality. In this case broken pieces of metabasite have sometimes 
drifted further apart than in the above examples represented by figs. 13—15; 
the metabasite pieces were also rotated somewhat in the “plastic” quartzite. 
Those parts of the quartzite which must have been particularly mobile are also 
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Fig. 8. Fractured pieces of pure quartzite in incompetent metaargillites. Skjorté, western 
shore (the V4stervik area). 


feldspathized in this example and megascopically attain even a pegmatitic 
appearance. 

In Figs. 18—20 quite other patterns between metabasite and siliceous sedi- 
ments are shown. Fig. 18 is from a zone some hundred meters wide, character- 
ized by intense shear. Deformation has completely obliterated the original 
distribution between various rocks, but it is evident that quartzite, arenaceous 
bedded graywackes, and abundant metabasites were present prior to the de- 
formation. Very irregular mixtures of schistose metabasite and quartzite, 
generally appearing as veins or schlieren, were formed. The quartzitic veins 
frequently grade into a coarser feldspar-bearing rock of granitic or pegmatitic 
appearance (as demonstrated in fig. 19). Micaceous gneisses, probably derived 
from the graywacke sediments, occur (fig. 18, gray belt in the center, under 
the compass) and seem to have possessed a somewhat higher mobility than the 
metabasite-quartzite mass. 

Fig. 19 demonstrates a pattern which is very common where heavy masses 
of metadiorite or metagabbro occur in quartzites. Such metabasites are gen- 
erally penetrated by a network of gray granitic or pegmatitic veins. Where 
quartzite occurs as xenoliths, transitions into the granitic or pegmatitic veins 
have sometimes been observed. 

_ Fig. 20 demonstrates a more uncommon pattern. Metabasite and quartzite 
have been deformed in a manner that indicates that they reacted with ap- 
proximately the same degree of folding competence. This would at first seem 
to be contradictory to the examples demonstrated by figs. 13—17. However, 
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Photo: J. Lundqvi 
Fig. 9. Garnetiferous veined gneiss with abundant fragments of amphibolite, displaying reaction 
zones with the gneiss. Hammarbybacken, Johanneshoy (the Stockholm area). 


in considering the physical properties of a sufficiently large amount of rock, 
which includes both quartzite and metabasite, it is obvious that conditions 
were different in the cases exemplified by figs. 13—-17 and that demonstrated 
by fig. 20. In the former cases metabasite is very subordinate as compared with 
quartzite. In the latter case metabasite and quartzite apparently formed sets 
of alternating parallel sheets prior to the deformation. Consequently the rock 
mass as a whole was definitely anisotropic as regards mechanical strength, the 
boundaries between quartzite and metabasite probably representing planes of 
maximum weakness. Both quartzite and metabasite can react by plastic folding 
to a certain extent. It is a well-known fact that if an interbedded rock sequence 
is folded the amplitudes of the separate folds decrease as the width of the indi- 
vidual beds decrease and also that the resulting fold pattern is dependent both 
on the competence of the various beds and on their mutual distribution within 
the deformed rock sequence. For a mechanical interpretation of this reference 
may be made to de Sitter (1956, p. 189—190) and Goguel (1952, p. 185— 
186). From such deductions it can be concluded that the difference in folding 
competence between metabasites and quartzites of the Vastervik area was too 
small to bring about a clearly disharmonic deformation when the two com- 
ponents occur as alternating sheets with a width of only a few decimeters. 
From the examples presented above the following conclusions may be drawn 
concerning the relative physical properties of quartzites and metabasites during 
their mechanical deformation: Where metabasites occur as quantitatively 
subordinate constituents in pure quartzites and deformation is not restricted 
to certain clearly delimited shear zones in the rock mass, quartzite is definitely 
more plastic than metabasite (figs. 13—17). Where both quartzite and meta- 
basite are abundant and occur in a restricted shear zone, the stress may bring 
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Fig. 10. Veined gneiss with inclusions of amphibolite. Flow structures are visible in the 
gneiss. The metabasite fragments are surrounded by biotite-rich reaction zones. 
Nynasvagen, Johanneshov (the Stockholm area). 


about a certain schistosity and flow also in the metabasites in the last stage of 
deformation (fig. 18). Where quartzite and metabasite occur as alternating 
narrow sheets in similar proportions, deformation may develop as drag-folding 
without discernible difference in the folding competence between the various 
components (fig. 20). 

In the previous chapter it was mentioned that fine-grained granites are 
common constituents in both the Stockholm and the Vastervik areas. Some 
examples will be discussed below to demonstrate certain features of the struc- 
tural behavior of these granites at their emplacement. The physical properties 
of the matter from which the granites crystallized, irrespective of its consistency 
(if magma or some other plastic matter), can be considered on the basis of its 
relations to adjacent rocks, as was done above in treating metabasites, quartzites, 
metaargillites, or gneisses. 

Homogeneous granites frequently occur as distinct dikes which clearly cut 
flow folds of gneisses and which sometimes also contain angular fragments of 
adjacent rocks. The structural pattern gives in many instances clear evidence 
of their emplacement by bodily movements of the granitic matter. Where gran- 
ites are somewhat heterogeneous, for instance due to the occurrence of in- 
completely incorporated and homogenized gneiss material, biotite-banding 
parallel to the contacts may indicate the direction of flow. Petrofabric analyses 
have shown that preferred orientation of biotite does not occur in such rocks 
(Loberg, 1959), and the movements must therefore be classified as precrystal- 
line and the granite emplacement as postkinematic with regard to the move- 
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Fig. 11. Deformed pieces of metaarenite (white) in veined gneiss. Nynasvagen, 
Johanneshoy (the Stockholm area). 


ments in the metasediments. On the other hand, granitic rocks with approx- 
imately the same mineral composition, grain-size, and texture as the clearly 
postkinematic granites also exist, which have been caught up in the last move- 
ments of the gneiss folding, in for instance the southern and western parts of 
the Stockholm area. 

The structural patterns thus supply clear evidence of the greater ability of 
granitic matter to flow over that of the adjacent wall rocks in the emplacement ° 
stage of evolution. Since the plastic flow of the veined gneiss rocks in the main 
represents an earlier stage of deformation it is not possible to compare directly 
the flow properties of the granitic matter with those of the veined gneiss mass 
during its stage of maximum mobility. Nevertheless the field data give the gen- 
eral impression that the former was at least slightly more plastic than the lat- 
ter. A certain idea of the relative mobility of the rocks may be obtained when 
homogeneous granite contains inclusions of wall rocks. 

In many outcrops, where granite brecciates the wall rocks, the structure in 
the xenoliths shows them to have done no more than drifted apart. In other 
cases the xenoliths were intensely rotated and displaced, a process which is 
exemplified by fig. 21. In this case the granite amounts to more than half 
of the total surface outcrop and one obtains a general impression of rigid 
blocks “swimming” in very mobile matter. But also in cases, where the granite 
is subordinate in the entire dike filling, the total mass must have been highly 
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Fig. 12. Veined gneiss with inclusions of metabasite representing fractured remnants 
of originally continuous dikes. Gréné, southeastern shore (the Va4stervik area). 


Loberg 


mobile and behaved as an intrusive rock, which can be exemplified by fig. 22 
from the V4stervik area. In the sections available the granite generally amounts 
to only a few percent of the entire dike mass. The appearance of such dikes 
seems to offer close analogies with those of certain tuff dikes described by Cloos 
(1941). It is obvious that the mobility of the rock mass in the dikes as exem- 
plified by fig. 22 was caused by the granitic component, which therefore must 
have been highly mobile. 

In the above-mentioned examples only the bodily movements of various rock 
types have been considered. In summing up, it can be stated that tectonism 
played an important role in the metamorphic process that lead to the formation 
of veined gneisses and probably also to granitic rocks, and that physical pro- 
perties inherent in the various rock components subjected to this metamorphism 
and also the relative proportions of these components must have had a decisive 
influence on the resulting structural pattern. Any attempt to propose a model 
for the evolution must therefore thoroughly take into account the mechanical 
behavior of the rocks involved in the metamorphism. However, granitization 
and gneiss formation are also connected with significant mineralogical and 
chemical changes in the rock masses. Some of these will be treated in the 


next chapter. 
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Some Chemical and Mineralogical Transformations Connected with 
Granitization and the Formation of Veined Gneisses 


The deformational processes described in the above paragraph are associated 
with recrystallization, and generally also with the formation of new mineral 
species. In the examples presented in figs. 1—8 the metamorphism can be 
characterized as mainly isochemical. The mineral assemblage andalusite, cor- 
dierite, biotite, and feldspars, formed in close connection with the kineto- 
metamorphism, indicate amphibolite facies or possibly high-grade epidote- 
amphibolite facies conditions. In the last stages of deformation, characterized 
by the most intense flow of the incompetent rocks (for instance exemplified by 
fig. 8), a fairly strong sericitization may have occurred, which also attacked 
the andalusite, and which consequently may represent a potash metasomatism, 
though of very restricted extension. 

Metablastesis in gneiss and granite areas generally indicates more extensive 
metasomatic processes to have occurred there. In all problems concerning 
metasomatism one has to face the questions: How much material was added, 
respectively, how much extracted within a certain rock mass, and how much 
of the migration can be explained by an interchange of chemical elements 


Photo: P. H. Lundegardh 
Fig. 13. Metabasite dike in quartzite. Feldspathized quartzite squeezed into the 


metabasite parallel to the direction of shear. Gréné, southeastern shore 
(the Vastervik area). 
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within a restricted rock portion, 7.e., what role did metamorphic differentiation 
play in the metasomatic process under consideration. 

The present status of the investigations does not permit a comprehensive 
discussion of all the chemical and mineralogical processes which can have a 
bearing on the genetical problems of the gneisses and granites in the Stockholm 
and Vastervik areas. Only two examples will be considered. These illustrate 
clearly the intimate connection between mechanical and chemical meta- 
morphism. 


A. REACTIONS BETWEEN VEINED GNEISS AND METABASITE OR METAARENITE 


Inclusions of metaarenite and metabasite in veined gneiss were described on 
pp. 234—236 and figs 9—11. At these localities the inclusions are invariably sur- 
rounded by reaction zones, the megascopically visible width of which varies 
between 0.5 and 2 cm. Such reaction zones can be taken to indicate a tendency 
towards restoration of the equilibrium in the total rock mass and can in spite 


Table 1. Point counter analyses of metabasite and its reaction zones. Johanneshov, 
Stockholm area. The figures represent vol.%. 
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Sample 1: Hypersthene-amphibole gabbro. 
Sample 2: Sericitized metabasite. ; : 
Sample 3: Reaction zone in metabasite bordering on gneiss. 
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Fig. 14. Sketch showing quartzite sque- 
ezed into amphibolite. Southeastern shore 
of Langé (the V4stervik area). Scale 
1:35. Dots = quartzite; cross-hatching 
= metabasite. Broken lines superimposed le 

on cross-hatching indicate schistosity. 
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Fig. 15. Metabasite.dike in quartzite. Quartzite grading into pegmatitic veins penetrates 
the metabasite. Brannskar, southern shore (the V4stervik area). 


of their slight magnitude give valuable information on the metamorphic 
processes, viz.: 1. They show that transfer and exchange of matter by diffusion 
did occur between incompatible rock masses. 2. They give a clear idea of kinds 
and amounts of migrating components. By comparing the chemical and min- 
eralogical compositions of the two bordering main rock types and of the reac- 
tion zones it is possible to establish the addition of elements, for instance from 
some dispersed phase, and also if changes in the mineral facies took place. 3. 
The fact, that reaction zones are developed continuously around pieces of 
rocks which were created through fracturing of competent rocks and plastic 
flow of the incompetent gneiss mass, discloses that the reactions took place 
subsequent to the fracturing of the rigid rocks and probably at a stage when 
the gneiss mass attained its maximum plasticity. 

Description: In the plastic gneiss mass (see figs. 9-11) quartz, pla- 
gioclase (Ang;—Any4), and biotite are always the chief constituents. Almandite 
is frequently present and may sometimes occur in fairly large amounts (see 
Fig. 10). Cordierite or pseudomorphs after cordierite are not uncommon, but 
such have not been identified with certainty in the cases described below, in 
which gneiss borders metaarenite or metabasite. Nor was potash feldspar 
observed in the samples mentioned. On the whole the gneisses with abundant 
metabasite inclusions seem to be very pure plagioclase gneisses. Significant 
amounts of microcline were observed in only one thin section. The coarseness 
of the gneisses and the heterogeneous distribution of their chief minerals make | 
point counter analyses of thin sections meaningless unless they are made in 


great number. Chemical analyses of two fairly small specimens are presented 
in Table 2, no. 11939 and Table 4, no. 11933. 
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Table 2. Spectrochemical analyses! of metabasite and its reaction zones. 
Johanneshoy, Stockholm area. 


Ss 
Analysis no. | 12093 | 11938 | 11937 | 11939 
Weight | Cation | Weight | Cation | Weight | Cation Weight | Cation 
ah Prop. % Prop. oe Prop. % | Prop. 
SiO wen nse aie: 43.4 722 | 57 949 | 62 1,032 | 70 16 
IE 1 1.14 14 1.2 15 1.2 15 0.45 : : 
ALO Fae sc. 2 215 422 14.7 288 1b 304 14.5 284 
Rese ane ase 22 27 2.6 32 2.2 27 0.1 1 
LS ONS Se ae T1225 156 9.15 127, 6.81 95 4.36 61 
IMs Sos, 0.16 2 0.1 1 << \0l — < 0.1 — 
MisO rr. 2 ss 6.45 160 5.0 124 Me) 72 2.0 49 
ACH ay. Sees 9.4 167 3.8 68 5.0 89 4.1 73 
Lae Othe 5 eee 0.6 19 0.43 14 0.47 15 2.46 79 
FON bs oa: 0.7 15 Spe. 74 3.31 70 1.76 Ba] 
EEO icre So = 5% 5! 0.5 28 2.18 127 0.8 44 0.31 17 
Total S95 99.68 99.6 100.0 
Plagio- Muariz 717 of} Quartz .. 36.5°%| Quartz....-40 % 
clase ... 51.5 %| Plagio Plagio- Plagio- 
Calculated | Grunerite plase en th. Claseeda) 29 Ol! clase: vas 40 % 
mineral + Hyper- | Grunerite 21.5 %| Biotite... 30 | Biotite.... 17% 
composition sthene.. 40 %|Actinolite 18.5 %}Sericite.. 2.5%} Almandite 2 % 
biotie--5, O:90%,| sericite.. 29.5%) limenite: 27 97! Titanite..... 2% 
Limentie 22. &%) Timenite . 2, %%, 
Kind 12093. Hypersthene-amphibole gabbro 
of 11938. Sericitized metabasite 
pack 11937. Reaction zone in metabasite bordering on gneiss 
11939. Gneiss bordering on metabasite (nos. 11937 and 11938) 


1 The analyses presented in Table 2 and 4 were performed at the Geochemical Laboratory, 
Geol. Survey of Sweden, under the guidance of Mr. K. Fredriksson, Fil. lic., Fe,O, and CO, were 
determined at the Chemical Laboratory, Geol. Survey of Sweden, under the guidance of Mrs. 
Ann Marie Bystrém-Asklund, Fil. lic. FeO was calculated by subtracting Fe,O, from total iron 
oxide, which was determined spectrochemically. In those cases where CO, was determined the 
water content was calculated by subtracting CO, from total loss by ignition. The inaccuracy of 
spectrochemical determinations of SiO, is comparatively great; the SiO,-values are there- 
fore generally presented merely as whole percent. 


The best preserved amphibolites, as shown in Fig. 11, consist of plagioclase 
(Anzs;—Ang;), hypersthene, cummingtonite, grunerite”, biotite, and ore (see 
Table 1, sample 1). Generally, however, common hornblende forms an essential 
constituent of the metabasites, the plagioclase then being partially replaced by 
sericite. Sample 2 in Table 1 is an amphibolite in which sericite is abundant; 
it occurs as spots, apparently representing pseudomorphs after plagioclase. 
Even amphiboles are frequently found to replace plagioclase as fibrous aggre- 
gates. The small size of the individual amphibole needles makes it difficult to 
perform reliable optical determinations for the sake of identification. It seems 
obvious, however, that both common hornblende and a member of the cum- 


2 Provisional optical determinations of the lime-free amphiboles and the spectrochemical ana- 
lysis show the molecular proportions Fe:Mg to be very close to 1:1, i.e. the mireral would corre- 
spondend to the boundary between cummingtonite and grunerite. In the tables the mineral is 
referred to as grunerite in order to conserve space. 
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Photo: S. Gavelin 
Fig. 16. Metabasite dike in quartzite, fractured and penetrated by mobilized and feldspathized 
quartzite. 1.5 km S.E. of Ytterhult (the Vastervik area). 


mingtonite-grunerite series occur, which is also verified by the spectrochemical 
analysis (Table 2, no. 11938). In the point counter analysis the two amphiboles 
could not be kept apart with certainty and were therefore counted together as 
one group. 

The megascopically identifiable reaction zone is represented by. sample 3 in 
Table 1. The most conspicuous feature of the reaction rim is seen to be that 
hornblende has disappeared and considerable amounts of biotite formed in- 
stead. 

Nos. 11939 (gneiss), 11937 (reaction rim of metabasite), and 11938 (seri- 
citized metabasite) in Table 2 are from the same hand specimen. They show 
the mineralogical and chemical changes connected with the formation of reac- 
tion rims around metabasite pieces. No. 12093 is from a separate metabasite 
inclusion in which the rock is only slightly sericitized. Sample 1, Table 1, cor- 
responds to analysis no. 12093; the agreement between the point counter 
analysis and the mineral composition calculated from the analysis is seen to be 
fairly good. 

Samples 2 and 3 in Table 1 would correspond approximately to analyses nos. 
11938 and 11937 respectively. It is seen that there is a certain disagreement 
between the point counter analyses and the calculated mineral compositions. 
The main reason for this is that the analysed samples are somewhat hetero- 
geneous as regards their mineral compositions. In the reaction zone with quartz, 
plagioclase, and biotite as chief constituents there is a certain increase of 
sericite towards the metabasite, and close to the boundary much of the plagio- 
clase is replaced by sericite. Correspondingly, sericitization seems to have been 
intensified in the metabasite towards the gneiss border. The point counter 


2 
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as 


Fig. 17. Detail of the left part of Fig. 15. 


analyses were, as far as possible, restricted to those portions of the thin sections 
which would give the most representative values of the respective rocks. There- 
fore analysis no. 11938 includes portions in which the feldspars were more in- 
tensely replaced by sericite and amphiboles than in the thin section portion 
analysed by point counter analysis and represented by sample 2 in Table 1. 
Analysis no. 11937 includes both the “normal” quartz-plagioclase-biotite re- 
action rim, as exemplified in sample 3, Table 1, and its somewhat sericitized 
border close to the amphibolite. 

In summarizing the results presented in Tables 1 and 2 it can be stated that 
there is a zone close to the gneiss in which amphiboles are no longer stable, and 
inside this rim there is a zone in which plagioclase is largely replaced by sericite. 


Table 3. Frequency of minerals in gneiss, metaarenite inclusions and reaction 
zones of metaarenite. Johanneshov, Stockholm area. 


1 | 2 | 3 | a l 5 
Grossu- Se Epidote- Sericite- 
larite sue sericite plagio- Gneiss 
: epidote 

quartzite poe zone clase zone 
Ourarizier. = toueastotet tot eee vie poe ee ae shah 
Plagioclase..... SOc Je eee de 
ison (oemreterhoraroror 7 oe nis 
DELICIUG) 4) <)> e1< weg ae “Ee - state 
Almanicdite® . = <)..01 Ss (4) 
Grossularite. ......< ; | == ++ 
Dropsiderse.- (er a ek ae ade os (+) A 
Zoisite-epidote ..... ++ +44 Eee 
itormblende 2.4). -- + de 
(Galignics Mammen pe cog ++ +4 ae a 


Brackets indicate that the mineral may or may not be present. 
17—603010. GFF 1960 
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Photo: S. Gavelin 
Fig. 18. Irregular veinlets of feldspathized quartzitic material in metabasites occurring in a 


marked shear zone. In the center a belt of micaceous gneiss. L6kholmen, northern shore 
(the Vastervik area). 


The reactions imply mainly an exchange of such elements as are most dif- 
ferently represented in the two main rocks, viz. silicon, iron, magnesium, and 
to a certain extent also calcium and sodium. In addition, the biotite and sericite 
zones show that the reactions also involve a certain enrichment in potassium 
and water. 

The reactions between metaarenite and gneiss are shown in Tables 3 and 4. 
The transitions are more gradual in this case and therefore they are con- 
veniently depicted by the semiquantitative presentation of Table 3. It is 
founded on a series of slides from five different sections through metaarenite- 
gneiss contacts. The kernels of the metaarenite inclusions consist of quartz, 
garnet, sometimes diopside, and calcite (see column 1, Table 3). The physical 
properties of the garnet, n = 1,745—1,750, a. = 11,82 kX, show it to be 
almost pure grossularite. ‘This mineral composition discloses the arenites to 
represent originally calcareous sandstones which were recrystallized under 
amphibolite facies conditions. 

The first sign of exchange reactions with the gneiss is found to be a replace- 
ment of grossularite by zoisite and epidote (column 2, Table 3). First pseudo- 
zoisite (2Vy = 46°—48°) was formed, which in turn was replaced by epidote, 
possibly also ‘clinozoisite. The fine-grained and heterogeneous development of 
the zoisite—epidote minerals makes it difficult to perform accurate optical 
determinations. Measurements on the universal stage gave: 2Va = 82°—84° ; 
city = 1—3°. According to Tréger (1952, p. 45) this would correspond to a 
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Table 4. S ectrochemical analyses! ite i i i iss, i i 
p vee of metaarenite inclusions in gneiss, its reaction zones, 
and bordering gneiss. Johanneshov, Stockholm area. 


Raniyais ain. | 12092 | 11941 | 11932 | 11933 

Weight | Cation | Weight | Cation | Weight | Cation Weight | Cation 

oF Prop. 5 Prop. of Prop. oh Prop. 

Sates « ahs ss 39 982 75 1 249 81 hy 5 
LO Boe eee 0.32 4 0.23 3 0.28 4 "0.27 3 
INKS ae 13.7 269 7.4 145 8.4 165 83 | 163 
fe Ole. 2 =. 2.0 25 1.8 22 0.9 11 0.23 3 
Re see. 250°. 1.44 20 UB 15 0.96 13 1.30 18 
Minn are 0) 0.36 5 0.19 3 <0.1 ao <0.1 — 
NG) 9, Soa 1.0 25 0.58 14 0.7 17 0.48 12 
ERO 0. 2 eee 20.3 362 10.6 189 6.6 116 Z| if 
Nan Be Mie 6 2 0.12 4 0.1 3 0.4 13 | 68 
iOS Ss See 0.2 4 0.1 2 0.65 14 0.73 16 
NOs Seo aaa 2.46 — 1239 — 0.12 — — — 
TOPE oe ir...» 0.24 = 0.11 —— 0.28 — 0.1 — 
Total 101.1 98.6 100.3 100.5 
12092. Metaarenite inclusion in gneiss, center part 
Kind 11941. » » Wie tens) oy » 
of 11932. Reaction zone in metaarenite inclusion in gneiss (between 11941 
rock and 11943) 


11933. Gneiss bordering on metaarenite (nos. 11941 and 11932) 


SOCe Aale 2, Dp.) 24. 


pistazite with 15—20 % of HCazFe3Siz0;3. On the whole the reactions seem 
to indicate a slightly increasing iron content in the epidote minerals during the 
mineralization, which is also confirmed by the fact that the later epidotes have 
slightly higher birefringences than the earlier ones. Figs. 23 and 24 show that 
the quartz contents and the structures are similar in the quartz-grossularite 
rock and in the quartz-epidote rock. 

Closer to the gneiss contact sericite and generally also small amounts of a 
light-coloured actinolitic amphibole appear. Diopside and grossularite are then 
absent (see column 3 in Table 3). Still closer to the gneiss, plagioclase occurs. 
It decreases gradually from the gneiss contacts towards the centers of the meta- 
arenite inclusions (see column 4, Table 3). The An content of the plagioclases 
increases in the same direction. A change from 42 % An in the gneiss plagio- 
clase to 85 % An in arenite plagioclase has been recorded. Sericite generally 
forms spots which most probably represent pseudomorphs after plagioclase. 
Sometimes a narrow zone characterized by very intense sericitization (only one 
or two mm wide) can be observed close to the gneiss-arenite contact. This af- 
fects the plagioclase in both the metaarenite and in the gneiss. 

In Table 4 the arenite-gneiss reactions are illuminated by spectrochemical 
analyses. Analyses nos. 12092 and 11941 represent rock portions, which included 
mineral compositions corresponding to columns 1 and 2 in Table 3. The main 
difference between these two analyses is that quartz is more abundant in no. 
11941. Analysis no. 11932 corresponds in the main to a mineral association as 


252 SVEN GAVELIN [Mars—April 1960 


Photo: K. Bostr6ém 


Fig. 19. Gray granitic or pegmatitic veins in hornblende gabbro. Brannskar, southeastern 
shore (the Vastervik area). 


Photo: S. Gavelin 
Fig. 20. Folded alternating sheets of quartzite and metabasite, which at this locality 
{ display a similar folding competence. St. Vistings6, northern shore (the Vastervik area). 
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Fig. 21. Stockholm granite (dots) with xenoliths of gneiss (broken parallel lines), which have 

been rotated during emplacement of the granite. Pegmatite veins older than the granite (short, 

coarse irregular lines). In the southern part of the outcrop amphibolite (cross-hatching). 
Hagavagen, Solna (the Stockholm area). 


exemplified by column 3 in Table 3, though a slight admixture of the zone 
represented by column 4 must also have been included in the material analyzed. 
The analyses as presented in Table 4 demonstrate therefore the general trend 
of material exchange during the reactions between metaarenite and gneiss. The 
most conspicuous feature is seen to be the same as was found for the reactions 
between gneiss and metabasite: The reaction zones represent intermediate 
compositions between gneiss and metaarenite, and the changes in the arenite 
composition are particularly obvious when those elements are considered, the 
concentrations of which are most different when gneiss and “primary” meta- 
arenite are compared. In considering the successive mineral changes demon- 
strated in Table 3 it is evident that also in this case the reactions involve the 
formation of hydrous minerals and the enrichment of potassium within a 
certain stage of the mineralization. 

Discussion: The fact that the reaction zones described above have 
mainly compositions intermediate between the gneiss and the inclusions can be 
considered a rather trivial result. It is, however, worth consideration, that re- 
gional metamorphism under amphibolite facies conditions apparently did not 
give rise to significant exchange of matter between the chemically different 
rock portions. The migration of chemical elements as indicated by the reaction 

_ zones was realized only when kinetometamorphism was definitely active. The 
mineralization connected with this migration proceeded under epidote- 
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Photo: S. Gavelin 


Fig. 22. Veined gneiss cut by dikes of gneiss fragments with subordinate fine-grained microcline 
granite. Bondeblekskar (the Vastervik area). 


amphibolite facies conditions as is evidenced by the formation of minerals such 
as epidote, actinolite, biotite, and sericite. Since pegmatitization and the for- 
mation of veined gneisses is closely connected with the kinetometamorphism 
one may ask if these processes occurred at lower temperatures than the prior, 
more isochemical metamorphism, which lead to, for instance, grossularite- 
quartz rocks. It has been emphasized by Yoder (1955), however, that water 
content and water pressure must be considered very important factors in meta- 
morphism, Mineral formation under similar conditions of temperatures and 
hydrostatic pressure but with different water pressure or concentration may 
therefore result in mineral assemblages which are characteristic of different 
mineral facies. The relations between the veined gneiss mass on the one hand 
and metabasite or metaarenite inclusions on the other, as described above, 
could therefore be interpreted as due to the activity of a dispersed phase charac- 
terized by an enrichment of water and, to a certain extent, potassium. The 
occurrence of such a phase was closely connected with the flow of big portions 
of the rock mass, but it is not possible to decide whether the dispersed phase 
was the real cause of flow or vice versa. 

Reactions of the kind described in the present paper are not uncommon in 
granite and gneiss areas. Harme and Laitala (1955) have presented an 
example from the coastal area of Southern Finland, where the structural 
development very much resembles that of the Johanneshoy locality. The main 
difference is that the metabasite of the Finnish locality is surrounded by a rock 
classified by the authors as a microcline granite. Consequently this contains 
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Photo: S. Gavelin 


Fig. 23. Quartz-grossularite rock. Metaarenite fragment in gneiss. Nynasvagen, 
Johanneshov (the Stockholm area). | nic., 40 x. 


Photo: S. Gavelin 


Fig. 24. Quartz-epidote rock with some hornblende. Metaarenite fragment 
in gneiss. Nynasvagen, Johanneshov (the Stockholm mnie sl Saker, Gal) ae 
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considerably more potassium than did the plastic rock mass in the Stockholm 
area. 

In considering the mineralogical dissimilarities between the reaction zones 
and the host rocks the most conspicuous features are exactly the same in the 
two cases: That is, amphiboles have been completely replaced by biotite. There 
are also divergences, however. In the examples from the Stockholm area seri- 
cite and actinolite seem to represent a significant mineral association (which 
is also discernible in the reaction rims around the metaarenite inclusions), 
whereas significant amounts of sericite were not recorded in the Finnish ex- 
ample. It is interesting to note that the “sericite zone” of the Stockholm oc- 
currence has a position corresponding exactly to a zone characterized by a high 
content of chlorite in the Finnish rock. In the analyses the dissimilarities are 
reflected by the behaviour of iron and magnesium during the reactions. The 
biotitization of the amphibolite fragments of the Finnish example took place 
practically without change in the iron and magnesium contents, but it was 
connected with some exchange of these elements in the example described in 
the present paper. It can therefore be concluded that the two reactions de- 
veloped under somewhat different pt-x-conditions and that this gave rise to 
different mobilities for iron and magnesium. 


B. REACTIONS BETWEEN PURE QUARTZITE AND METABASITE 


Description: It was mentioned (p. 238) that pure quartzite occurring 
as inclusions in metabasite in the Vastervik area is sometimes found to pass 
over into gray pegmatite or granitoid rocks. Fig. 15 demonstrates such a tran- 
sition. On examining thin sections of those quartzite “veins” which have been 
squeezed into cracks of bordering metabasite as exemplified by figs. 13—17, 
it was found that they are always more or less enriched in plagioclase as ‘com- 
pared with quartzite at some distance from the adjacent metabasite. When the ~ 
“veins” display megascopically a pegmatitic or granitic appearance the pla- 
gioclase may occur as large idioblasts (Fig. 26). Fig. 25 shows the texture of 
a quartzite inclusion in metagabbro close to the vein shown by fig. 26. It is 
seen that the grain size and texture of the quartz mass between the plagioclase 
idioblasts of the “pegmatitic” vein are practically identical with those of the 
quartzite inclusion as demonstrated in fig. 25. The “pegmatite” very clearly 
appears to represent a feldspathized quartzite. 

In the other cases, exemplified by figs. 13 and 14, plagioclase in the feld- 
spathized veins may form smaller porphyroblasts (Figs. 27 and 28) or more 
fine-grained aggregates, which appear frequently as streaks parallel to the 
direction of flow (Figs. 29 and 30). The “pegmatized” quartzite demonstrated 
by fig. 15 has both granular masses and large metablasts of plagioclase. The 
latter show sometimes a peculiar division into fields with somewhat varying 
optic orientation. The size and fabric of these fields are similar to those of the 
surrounding quartz mass. It might therefore be questioned if this texture dis- 
plays the original quartz grains of the quartzite. On the other hand, it may 
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ae ; 
Photo: S. Gavelin 


Fig. 25. Quartzite. Xenolith in hornblende gabbro (no. 77, Table 5). Méssan 
(the V4stervik area). + nic., 12 x 


Photo: S. Gavelin 


Fig. 26. “Pegmatitic” vein in hornblende gabbro (no. 78, Table 5). Large idioblasts 
of plagioclase in granoblastic quartz. Mossan (the Vastervik area). + nic., 12 x. 
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Table 5. Point counter analyses of mobilized and feldspathized quartzites and adjacent 
auartzite from the Vastervik area. The figures represent vol.%. 


Thin section I II Ill IV V 
nos. (inthe: >} ile | 
y dstervik | 137 1433) 134: (-70 135i) 136) ast) 132 76 77 78 
series) 

Quantzeees | 97.9] 39.6} 90.3 aA a 83.3} 49.2/81.0/ 75.0} 96.1] 88.0} 44.8 
Plagioclase...| 0.7) 56.6]. 0.4) 58.9/<0.1) 10.7] 44.7) 8.5 20.0 Of Swell. ie) 
Microcline ...} — —| 6.3 —| 31.8 = = 
Biotite.c. ee — POS 22 er eye Ley Ba 4.4 0.3 5.4 5 
Sericité .:.... 0.9 1.4) 2.5 Oe AA 0.9) 4.8 0.3 0.6 wo 2.0 
Chlorite ~~... 0.2 0.2} — 0.41 0.4) 0.3 0.44 — 0.3 0.1 D5 0.7 
Bpidote 4... —| — 0.1; —| 1.6 2.0) — — —_ —_— — 
Galeuem wee — 0.1} —}| <0.1} —j — 0.2} —| <0.1) <0.1 —— — 
Tourmaline ..} — 0.3 — Q.2 |) se<e0 — 
Andalusite ...} — — — = — =— — <0.1 
Other asses- 

SOnlesianm tie 0:3) =0.1 502 O21] 0:7), 073) 0.4) FOr2 0.5 Sle ie ti ee OL 
Oy vale eal 

plagioclase! | Ab |25—30] Ab |11—14} —j Ab |25—30] Ab |27—29}55—65|/50—52|38—40 
Number of 

Columns ae 7000} 4255}6500| 3 39513 695}3109| 2 9121/6315} 6542} 9025) 4233) 4222 


I. S.W. of Sparésund: No. 31. Coarse quartzite. No. 137. Veins in metabasite (see fig. 13). 
II. Southeastern Langé: No. 133. Quartzite from big xenolith in metabasite. No. 134. Quart- 
zite veins in metabasite (see Fig. 14). 
III. Southern shore of Brannskér: No. 71. Quartzite with cross-bedding. No. 135. Veins of 
quartzite in metabasite. No. 135. Pegmatized veins in metabasite (see Fig. 15). 
IV. S.E. of Ytterhult: No. 131. Quartzite, 1 m from metabasite. No. 132. Feldspathized quart- 
zite squeezed into metabasite (see Figs. 16 and 17). 
V. The Mossan island: No. 76. Quartzite with weak banding close to hornblende gabbro. 
No. 77. Xenolith of quartzite in hornblende gabbro. No. 78. Gray granitic or pegmatitic 
vein in hornblende gabbro. 


Ab denotes albitic plagioclase, in which sericitization has made accurate optical determination 
of the An content impossible. 


also be due to postcrystalline cataclastic deformation. Still there are many in- 
stances where plagioclase is seen clearly to replace quartz, as shown in fig. 31. 
Furthermore, in all cases the quartzite fabric is clearly identifiable in the feld- 
spathized and mobilized rocks. 

The metabasites examined under the microscope contain common green 
hornblende, plagioclase, and biotite as essential constituents. In the coarse- 
grained types, occurring as larger and more irregularly-shaped masses than the 
dikes and sills, the plagioclase plates indicate the primary gabbro texture. 
Quartz is generally present but in varying amounts; it is very irregularly dis- 
tributed and may have been introduced from adjacent siliceous sediments. 
Ore minerals, small amounts of epidote, sericite, and sometimes calcite were 
also observed. The plagioclase composition was found to vary between An4; 
and Ans» in a metagabbro; in a comparatively well-preserved basite dike it was 
found to vary between Anzo and Anzs. 

Table 5 gives five examples of differences between the mineral compositions 
of mobilized and feldspathized quartzites and adjacent non-feldspathized or 
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pisare: S, Gavelin 


Fig. 27. Quartzite 1 m from broken metabasite dike (Figs. 16 and 17, sample no. 131, 
Table 5). 1.5 km S.E. of Ytterhult (the Vastervik area)..+ nic., 12 x. 


Photo: S. Gavelin 


ig. 28. Mobilized and feldspathized quartzite (Figs. 16 and 17, sample no. 132) 
ie Table 5). 1.5 km S.E. of Ytterhult (the Vastervik area). + nic., 12 x. 
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only weakly feldspathized quartzite. The figures represent point counter anal- 
yses of thin sections, and since the feldspar percentages may vary considerably 
over small distances in a single vein of feldspathized quartzite they represent 
only very approximate measures of the compositions. Since the primary rocks 
have simple compositions (almost pure quartzites), the general trend of the 
mineralogical changes is clearly expressed. It is seen that in the main the process 
involves a replacement of quartz by plagioclase. ‘The An contents of the pla- 
cioclases are highly variable and seem to be dependent on local conditions. The 
plagioclase of the quartzite portions from which veins were squeezed into meta- 
basites is generally found to be more albitic than that of the intensely feld- 
spathized veins. It is quite possible, and sometimes very probable, that also the 
plagioclase outside the mobilized veins was formed through a weaker feld- 
spathization. This would mean that sodium would have a tendency to migrate 
slightly more readily than calcium. 

The behavior of potassium is interesting. Sample no. 133, Table 5, represent- 
ing the “primary” quartzite, is seen to contain 6.3 % microcline, whereas the 
mobilized and feldspathized quartzite is definitely free from microcline. The 
same transformational trend is indicated by nos. 71, 135, and 136. Nos. 135 
and 136 both represent mobilized quartzite (see figs. 15 and 16). No. 71, 
which is seen to contain a considerable amount of microcline, is not from the 
immediate vicinity of nos. 135 and 136 but was sampled to represent the 
upper, generally cross-bedded quartzites in this part of the area. Additional 
samples from the same part of the Vastervik area have shown these types of 
quartzites to contain microcline in varying amounts and since metamorphism 
there is low it was assumed that the feldspar occurs principally as a primary 
constituent of the sediment. From the above considerations it seems probable 
that microcline when present in the “unmoved” quartzites, potassium was 
replaced by sodium during such feldspathization as was connected with the 
plastic flow of quartzite into metabasite. 

Discussion. The origin of the material causing the described type of 
feldspathization requires consideration of the following: 

1. Feldspathization is restricted to, or at least definitely intensified in those 
parts of the quartzites which border metabasitic rocks and which have been 
most intensely deformed by plastic flow. 

2. The newly-formed feldspars are exclusively plagioclases; when potash 
feldspar was present in the deformed quartzite it was consumed during the 
formation of plagioclase. 

3. No granitic, granodioritic, or tonalitic intrusive whatever occur in such a 
manner that the feldspathization could be explained as a result of the transfer 
of matter from a magma. 

4. There are no signs of a regional feldspathization of the kind described 
above, at least within the areas from which the examples were taken. On the 
contrary, where migmatitization and granitization attain a more regional ex- 
tension, 1ts most characteristic features seem to be potash metasomatism. Fig. 
13 and samples nos. 31 and 137 represent a locality, which is very illuminative 
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Photo: S. Gavelin 


Fig. 29. Xenolith of quartzite in metabasite. (See Fig. 14 and sample no. 133, Table 5). 
Southeastern shore of Lang6é (the V4stervik area). + nic., 40 x. 


Photo: S. Gavelin 


Fig. 30. Mobilized and feldspathized quartzite (Fig. 14 and sample no. 134, Table 5). South- 
eastern shore of Lango (the V4stervik area). + nic., 40 x. 
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Photo: S. Gavelin 


Fig. 31. Plagioclase replacing quartz in mobilized and feldspathized quartzite veins 
(See Fig. 13 and sample no. 137, Table 5). Gréno, S.W. of Spardsund 
(the Vastervik area). + nic., 12 x. 


in this respect. The feldspar in the mobilized quartzite is exclusively plagioclase, 
but belts of veined gneisses alternating with the quartzite always contain abun- 
dant microcline in their pegmatitic portions. On traversing the rock sequence 
which includes the locality illustrated by fig. 13, the general impression is that 
the predominant chemical metamorphism in this area was potash metasomatism. 

From the above statements the following conclusions may be drawn. The 
migrations of material connected with feldspathization of the quartzites must 
have been local and have represented some kind of metamorphic exchange 
within a limited rock portion. The metabasites provide the only possible source 
for the amounts of sodium, calctum, and aluminium necessary for the forma- 
tion of feldspars in the mobilized parts of the quartzites. The metasomatic 
character of the feldspathization indicates the process to have proceeded as an 
intragranular diffusion of ions or molecules between two incompatible rock 
types, viz. quartzite and metabasite. There is no evidence of water or other 
volatiles to have played any essential role in the process. Sericitization is weak 
and scapolite has been observed only in one case. If volatiles were present at 
all they were most probably restricted to some quantitatively insignificant in- 
tragranular phase. Even such a phase may certainly have had an important 
catalytic influence on the reactions, but it could not take an active part as a 
constituent in the reactions. This is a clear difference as compared with the 
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reactions connected with the formation of metabasite inclusions in veined 
gneiss in the Stockholm area described on p. 245—256. 

Whereas an addition of certain elements necessary for the formation of pla- 
gioclase is clearly evidenced in the feldspathized portions of the quartzite, no 
indication of a corresponding depletion of the same elements from the bordering 
metabasites can be observed megascopically. Thus, reaction zones similar to 
those around the metabasite xenoliths in veined gneisses from the Stockholm 
area (cf. pp. 245—246) have not been observed. It must be remembered, how- 
ever, that the quantities of feldspathized rock are generally subordinate as 
compared with those of metabasite. The field data alone would therefore in- 
dicate that the ions introduced into the quartzites during the feldspathization 
were derived from such large masses of metabasite that a change of its original 
mineralogical composition is not now palpable. On the other hand, the meta- 
basites have not yet been examined in great detail, and it is possible that future 
complementary investigations may give results similar to those presented by 
Reitan (1955, 1958, 1959) in his studies on a pegmatitization, which in many 
respects resembles that described here, 1.e. that also basic rocks in the proximity 
of quartzites display significant mineralogical and chemical changes. 

The diffusion which caused feldspathization in the quartzites was apparently 
realized through pressure gradients and probably stimulated by the mechanical 
result of pressure (fracturing of the more competent and flow of the less compe- 
tent rock). The role of pressure gradients in the metamorphism of deeply 
buried rock masses have been discussed by several petrologists. Ramberg has 
in many papers emphasized the importance of this factor for the transfer of 
matter and for reactions, which are believed to have occurred in connection 
with deep-seated metamorphism (see for instance Ramberg, 1952, pp. 76— 
228). Some of the pegmatites in West Greenland discussed by Ramberg (1955, 
1956) and presented by him as examples of the above-mentioned processes are 
strikingly similar to those here described from the V4stervik area. This also 
holds true for the pegmatites described by Reitan (1956, 1958, 1959). Both 
Ramberg and Reitan interpret the formation of such pegmatitic veins in rigid 
femic rocks as a result of metamorphic differentiation caused by pressure 
gradients, which in turn were created when the rigid rocks yielded by fractur- 
ing. Matter diffused into the low-pressure areas (“pressure shadows’) where 
feldspars crystallized. Ramberg (1956, pp. 196—197 and 210) states, however, 
that plastic flow of incompetent rocks also contributes to the formation of veins. 
In the case of the veins of the Vastervik area it is quite obvious that the mi- 
gration of matter was primarily that of a bodily flow of pure quartzite. This 

flow was, however, invariably connected with plagioclase invasion. Since bodily 
flow of low-competent rocks and chemical potentials both tend to transport 
the material of the veins towards low pressure portions of the rock sequence, 
both bodily migration and diffusion act in the same direction. If diffusion 
proceeds as intragranular transport in the solid state one can easily imagine 
that the flow facilitates the metamorphic differentiation process. Field data 
‘sometimes give the impression that the movements acted like the opening of 
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a sluice, making possible for matter to “flow” suddenly into the quartzites and 

form feldspar. 

Furthermore, it is a general experience that the most “granite-looking” veins, 
i.e. those veins which are most homogeneous regarding mineral proportions, 
grain size, and megascopic appearance, are those, which have the most con- 
spicuous intrusive occurrence and consequently have attained the highest 
degree of mobility. Thus there seems to be a certain correspondence between 
increasing feldspathization and homogenization on the one hand and increas- 
ing ability to flow on the other. 

Summing up, the feldspathization of quartzites in the described examples is 
found to have been caused by the cooperation of the following circumstances: 
1. The existence of chemically incompatible rocks bordering on each other 

(quartzite and metabasite). 

2. The interaction of strong compressive and tensile stresses on rocks with dif- 
ferent physical properties (with mutually different folding competence), 
which were apt to create sizeable pressure gradients. 

Temperature must also have been a decisive factor, but what really started 
the reactions was stress or, more adequately, its manifestations, viz. the flow of 
incompetent and the fracturing of competent rocks, and the formation of 
strong pressure gradients. It is worth recalling that at least some of the in- 
compatible rock masses prior to the processes discussed above bordered onto 
each other at much higher temperatures, probably 1,000—1,200° C, without 
exchange reactions being realized, viz. when basaltic magma was intruded in 
the arenaceous sediments. ‘The relatively small size of the basic intrusions and 
rapid cooling would certainly not permit us to expect great thermal effects, 
but we may conclude that exchange reactions which could not take place 
through sudden heating are readily realized under the influence of stress action 
at far lower temperatures. 

The discussion of the feldspathization of quartzites has been restricted to 
those cases in which it is conspicuously connected with kinematic metamor- 
phism and where the bordering primary rocks were generally very poor in 
potassium. It should be mentioned, however, that within the Vastervik area a 
kind of feldspathization is also encountered which involves an introduction of 
microcline into the quartzites. This feldspathization sometimes evolves as dif- 
fuse veinlets and occurs within areas where potassic granitoids or pegmatites 
are abundant. Provisionally such granitoids and pegmatites have often been 
interpreted as granitized and mobilized graywacke sediments. The mode of 
occurrence much resembles an example of feldspathization in a quartzite from 
central Finland as presented by Haérme (1959). From Harme’s description one 
receives the impression that the feldspathization is directly connected in space 
with dikes of homogeneous granite in the quartzites. Generally no such direct 
connection occurs in the Vastervik area, and since the process there is closely 
connected with the genetical problems of the potassic granites and veined eneis- 


ses it will be discussed in a later article in which field data concerning these 
rocks can also be presented. 
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Some General Considerations on the Role of Kinetometamorphism in the 
Formation of Veined Gneisses and Granites 


Any attempt to survey the “granite controversy” as it has appeared in the 
geological literature over some 80 years or more must repeatedly face the in- 
triguing question: How is it that skilled investigators can arrive at such differ- 
ent conclusions from what seems to be identical, or at least similar, data. Sev- 
eral authors, for instance Read (1957), Eskola (1955, 1956), Walton (1955), 
Mehnert (1959) have recently tried to answer this question by collecting and 
weighing arguments for different ideas concerning the formation of granites 
and gneisses. From these surveys one may often gain the impression that much 
of the confusion has been caused by the lack of a stringent nomenclatorial 
system. For instance, fundamental conceptions such as “magma” and “granite” 
are often not used in the same sense by all workers which, of course, must 
complicate discussions. From the surveys mentioned above it is clear, however, 
that in spite of the fact that a “granite controversy” still exists, the diverging 
points of view are at present not as incompatible as they were some 20 to 30 
years ago. 

Mehnert (of. cit.) points out, for instance, that many of the advocates for 
the magmatic origin of a certain granite are forced to assume the occurrence 
of late-magmatic metasomatism in order to explain certain textural features; 
he states that this circumstance has contributed towards bringing the magmatic 
and transformistic views closer together. This means also that there is a certain 
amount of agreement as regards the conception that granite formation is not 
generally to be interpreted as a single process. It is evident, from the above 
surveys, that quite different factors must be considered as possible causes for 
the origin of “granite-looking” rocks or granitoids. I think that Read’s state- 
ment “there are granites and granites” could be extended in the following way: 
Granite formation may often be the result of a very complex process, in which 
various factors and steps of mineral formation, the transfer of matter etc., may 
contribute to the final result. The end product formed depends on which of 
the factors was dominant on a particular occasion. 

It is also clear that the great accumulation of both field and experimental 
data have now made it possible to discuss the problems on a more factual basis. 
A common statement made in surveys of the granite problem is that the tech- 
nique applicable to the study of phase equilibria at high temperature and 
pressure, and also in the presence of water, render safer bases for interpretations 
of the mineral-forming processes which are postulated to have been active. 
Much data on the stability relations of minerals partaking in such reactions 
have been presented in recent years, and many attempts have been made to 
apply these results to reactions considered to have occurred in Nature. ‘This 
requires some kind of model, however, which necessitates assumptions about 
the conditions of evolution. Discussions of the chemical processes leading to 
granite and gneiss formation are often founded on a model which involves a 
more or less static process. Any investigator of gneiss problems knows, however, 
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that interpretations of the genesis of gneisses are highly dependent on the pos- 
sibility of making reliable structural and textural analyses. If, therefore, the 
genetical problems of a granite in an area are intimately connected with those 
of associated gneisses, it is evident that the chemical processes leading to granite 
formation must be discussed with due consideration to the pre-granite tectonic 
evolution. 

The role of kinematic metamorphism in the genetic problems of granites 
and gneisses has been emphasized by several investigators. Particularly Weg- 
mann has, on several occasions, stressed the necessity of thorough structural 
analysis in interpretations of the genesis of granitoids and gneisses. (His main 
ideas are summarized in papers published 1953, 1955, 1956 and 1958.) Reyn- 
olds (1954) discussed the role of fluidization in granitization. Both authors 
pointed out that sharp contacts and dikes of granite are only indications of the: 
relative mobility of the rocks in consideration but can say nothing about the 
existence of a true magma. Kranck (1957) has drawn attention to the anal- 
ogies between the patterns, developed both on a large and a small scale, often’ 
met with in gneiss areas, and those, which can be studied in large scale sections | 
through mountain ranges characterized by large thrust sheets, for instance, the: 
Alps. The fact that solid rocks are capable of flowing under certain stress con-: 
ditions make sure interpretations of the consistency of the material which was 
moved bodily a very intricate task. 

The examples discussed in the present paper were given to demonstrate a 
close connection between kinetometamorphism and metasomatism. It is seen. 
that kinetometamorphism is frequently a definitely selective process, and it is. 
postulated that this fact may be an important factor in interpretations of the 
selective development of metasomatism connected with the formation of gran- 
ites and gneisses. It has frequently been assumed that selective metasomatism 
in a heterogeneous rock sequence was caused mainly by the variations in 
chemical composition in various parts of the rocks. It seems probable, however, 
that the physical properties of the rocks may sometimes have a still more 
decisive influence in this respect. 

This does not mean that kinemetamorphism alone could account for such 
processes as feldspathization and pegmatitization in the examples discussed, 
thermometamorphism and particularly volatiles must also have been active. 
The kinetometamorphism as exemplified by figs. 4 and 6—8, for instance, did 
not lead to granitization or pergmatitization. On the other hand, those adjacent 
areas which are characterized by veined gneisses display clear evidence of 
having been caused by a more intense and more regional kinetometamorphism. 
The structural patterns of veined gneisses are often interpreted as having been 
formed by pegmatitic material which soaked the older rocks and thereby gave 
the entire rock mass a high plasticity. As an alternative and tentative hypothesis 

_it 1s proposed that flow caused by differential stress may sometimes create con- 
ditions such that diffusion and reactions between incompatible rocks in a het- 
erogeneous rock sequence are realized. In the higher levels of the crust kine- 
tometamorphism is frequently found to occur without diffusion or reactions 
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such as those characteristic of gneiss areas; for example in glide zones under 
thrust sheets in a mountain range. Therefore, one must assume such a process 
as outlined above to require an environment which, with respect to pt-con- 
ditions, facilitates the formation of feldspars, i.e. probably represents deeper 
levels in the crust. 

It was mentioned that the examples discussed in the present paper may be 
taken to indicate that feldspathization and diffusion of certain elements were 
stimulated by flow of the mobile rock portions. It was stated that the processes 
developed in connection with increasing fluidization of certain parts of the 
rocks. Such a fluidization process could of course originate by the selective 
formation of anatectic melts such as were produced experimentally by Winkler 
(1957, 1958, 1960) by heating clays under 2,000 atm. H2O-pressure. The ini- 
tial stages, at least, in the examples discussed here must have proceeded without 
contributions of anatexis, however, but water was sometimes probably an im- 
portant factor and may have contributed considerably to the fluidization. 

The role of water as a catalyst in metasomatic formation has been empha- 
sized by many investigators. The occurrence of water, even in very small 
amounts, is therefore believed to facilitate greatly the diffusive transfer of 
matter. As concerns such kinds of mineralization as feldspathization, which is 
one of the most important processes in granitization, a very interesting hypoth- 
esis has been proposed by Gabrielle Donnay, Whyart, and Sabatier (1959). 
They found experimentally that water acted as catalyst in the substitution of 
Al—Si and that the formation of silicates through the diffusion of Si and Al 
in the solid state is thus greatly facilitated by the presence of even very small 
amounts of water. A mechanism was proposed by these authors, which involves 
that OH” ions enter the SiO,4-tetrahedra in silicate structures, thus creating 
strong polarizing effects which weaken the bonds and facilitate a migration of 
Si and Al through the lattices. If this hypothesis holds true it is evident that 
such processes as feldspathization must be stimulated in the presence of water. 
Since many kinds of mineral formation which precede the feldspathization and 
pegmatitization, of, for example, an argillaceous sediment involve a release of 
water, we may there find a clue to the mobility of Si and Al during such proces- 
ses. The relationship between kinetometamorphism and the migration of ele- 
ments in the mineral-forming processes which sometimes lead to the develop- 
ment of veined gneisses, pegmatites, and granitoids, may therefore be interpre- 
ted in the following way: Plastic flow of rocks facilitates diffusion of the 
water released by the formation of anhydrous minerals; this water may under 


favourable pt-conditions cause 
1. the diffusive migration of elements and the formation of new silicates (for 


example feldspathization) and 
2. increased fluidization of certain bodies of rock which leads to the formation 

of dikes or veins of granitic or pegmatitic appearance. 

It is suggested by the present author that many problems which come under 
the heading of “granite controversy”, for example the “space problem”, the 
interpretation of fairly sudden transitions from gneiss to non-gneissic rocks etc., 
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may be readily understood by assuming a mechanism, which involves a close 
connection between kinetometamorphism, with the bodily movement of ma- 
terial, and metasomatic exchange with the diffusion of ions. 
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An Occurrence of Kyanite in a Pegmatite in Western Sweden 
By 
Lars BERGSTROM 


The Geological-Mineralogical Department 
Chalmers University of Technology 
Gothenburg 


ABSTRACT 


Within the area of the geological map »Géteborg», a kyanite-carrying pegmatite has 
been found. The general geological features are broadly described. Chemical, physical 
and optical data and the d-values are given. 


Introduction 


Kyanite has previously only been found as an integral part of some quartz- 
ites from the Swedish pre-Cambrian bedrock (Sjégren 1876; Backstrém 1897). 
This investigation deals with kyanite occurring with quartz in a pegmatitic 
vein. The kyanite-pegmatite is situated 700 m. S.S.E. of the Hagen Chapel in 
Western Gothenburg. The pegmatite runs through a completely tectonized 
basic rock, now of medium-grained amphibolitic appearance. According to 
Lundegardh (1958) who has described the petrology of this area, the amphi- 
bolite is of Late Gothian age, and probably of volcanic origin. 

The kyanite occurs in a fissure 25 cm wide and 3 m long. The main mineral 
is kyanite. Quartz fills the interstices between the kyanite crystals which fre- 
quently reach the size of 15 x 3 x 1 cm. They are light blue to greenish-blue. 
The blue colour is distributed as irregular striae parallel to the C-axis. The 
kyanite is partly altered to micaceous minerals. 


Method 


The material used for chemical and x-ray investigations was obtained from 
crystals of greenish-blue colour. Impurities were removed under the microscope. 

The refractive indices were determined by the immersion method. The angle 
of the optical axes and the angles of extinction were determined on the uni- 
versal stage. All optical determinations were performed in sodium-light. The 
d-values were calculated from a Guinier photogram kindly taken by Dr. Van- 
nerberg at the Department of Inorganic Chemistry, Chalmers University of 
Technology. The chemical analyses were carried out by Mr. G. Bergstrém, ex- 
cept for those of the alkalis, which were determined by Mr. A. Aaremie. 
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2] KYANITE IN A PEGMATITE 


Kyanite from Hagen, Gothenburg. 0.50 x. 


Sil 


Phot 8. Dablén 


The minor elements were determined by Dr. S. Landergren at the Geological 
Survey of Sweden. 


Chemical analysis of kyanite from Hagen, Gothenburg. 


HO SPO as ees 


% Mol.prop. 


36.64 0.6098 
61.65 0.6046 


0.76 0.0046 
0.09 0.0009 
0.11 0.0011 
0.05 0.0025 
0.73 0.0405 


Total 100.03 


Minor elements in kyanite from Hagen, Gothenburg. 


0.002 °%. p.w. 
0.033 


Physical and optical proverties of kyanite from Hagen, Gothenburg. 


Colour: Light blue to bluish green 
Colourless in this section 
Cleavage: Perfect on (100) 


Good on (010) and (001) 
Extinction angles on: (100) C— y = 30° + 1° 


(010) C—y 
(001) A—a 
Optical angle: 2Va = 82° + 2° 


(222 
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Index of refraction: n¢ = 1.715 + 0.001 
ny = 1.729 + 0.002 


y, 
Specific gravity: 3.67 (20° C) 


Guinier photogram of kyanite from Hagen, Gothenburg. 


Cu Kg radiation X = 1.54178 A 


sin? 6 dA Intensity sin? 6 dA Intensity 
0.0322 4.29 m 0.1211 oh vw 
0.0422 ome. m 0.1268 2.16 vw 
0.0530 3339 m 0.1542 1.96 S 
0.0586 3.18 vs 0.1598 lage vw 
0.0653 3.02 vw 0.1899 eae vw 
0.0682 DESKS vw 0.2337 1.60 m 
0.0815 ATKY vw 0.2621 15] w 
0.0871 2.61 vw 0.2718 1.48 Ww 
0.0941 2eoll m 0.3052 1.40 m 
0.1072 2.36 m 0.3125 13 vs 
0.1151 Dy vw 0.3297 1.36 vw 
0.1190 Des vw 0.3717 1.26 m 


s = strong, m = medium, w = weak, v = very 
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Introduction 


The term “soil stabilization”, employed broadly, means every alteration to or 
treatment of soil designed to improve its properties in the light of the use for 
which it is intended (1). As regards material for roads and other civil engineer- 
ing projects improvements are sought in the load-carrying capacity, frost- 
resistance, compactibility, water resistance etc. To a more restricted extent soil 
stabilization has also been interpreted in recent years as meaning such improve- 
ments of the property of the soil as may be achieved on the site by the use of 
certain additives which have the capacity of changing the structure of a soil. 
Interpreted in the latter sense soil stabilization is a new addition to earlier work- 
ing methods. 

The development of modern ih stabilization methods was initiated about 25 
years ago, mainly in the USA. During the past decade these methods have been 
taken into increased use in many countries in conjunction with the building of 
roads, aerodromes, parking lots etc. They are employed as a complement to con- 
ventional building methods and as a substitute for both permanent and tempo- 
rary jobs. Quite naturally, development in the field of soil stabilization has pro- 
gressed most in the major industrial countries where the volume of motor 
traffic is greatest. In the case of Sweden too, where the density of motor vehicles 
per capita is among the highest in Europe — even though the number of vehi- 
cles per kilometre road is not particularly large — investigations and field trials 
have been carried out with a view applying foreign experience to Swedish con- 
ditions and soils. An item of special interest in Sweden is the effect of the cold 
climate on various stabilization methods. The materials which, from a technical 
aspect and, in particular, the financial aspect, have proved suitable abroad are 
bituminous additives, which are also the oldest, portland cement and lime. In 
addition to these compounds many others have been tried, too. However, for 
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various reasons they have not been generally adopted. Figs. 1 and 2 illustrate 
in diagram form the rapid development in the USA in terms of the areas stabi- 
lized with cement and lime every year. Expressed in terms of quantity the work 
carried out in 1958 corresponds to more than half a million tons of cement and 
about a quarter million tons of lime. The trend in Germany is similar and the 
annual consumption of stabilizer is in the region of 100,000 tons. Major projects 
have been carried out in Great Britain and Russia, for example, and stabili- 
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vation work and research in this field is being carried out in most European 
countries. 

It is easy to understand the great interest displayed in various stabilization 
methods when we turn our thoughts to the exceptionally high cost involved in 
the construction of modern roads and runways. Every reduction in cost and 
every simplification of working methods quickly leads to major savings. Stabili- 
zation has been shown to be an excellent method of achieving these aims and, 
at the same time, maintaining or even improving the standard of the project 
at a cost which would be difficult to achieve via the application of conventional 
building methods. The rapidly increasing volume of motor traffic, speeds and 
weight means that demands as to the stability and constructional efficiency of 
roads are becoming stricter than ever before. This development is allied with 
the current change in social structure occasioned by the growth of motorism 
and the fact that more and more transportation is being effected via heavy 
road vehicles. Development is taking place at a rapid rate and experience from 
every big industrial country shows that the cost of modern roads is rising rapid- 
ly. The construction of special roads for rapid and heavy motor traffic is now 
the theme as compared with the older method of building roads designed to 
accomodate all categories of traffic. In terms of straightness, camber and curve 
construction these motorways far exceed previous standards. But these new 
roads are expensive — betwen Kr. 2—5 million per kilometre. 

The economic advantages of stabilization are that a poor material can be 
converted into a better material on the spot and that there is no need to trans- 
port fresh material to the site. This means that smaller quantities of material 
need be excavated and carted away, less material need be brought to the site 
and consequently less transport is required. The cheapest way of building a road 
is to ensure that the material removed just suffices to fill in the low levels. In 
that no excavations are necessary below the balance level and that the bankings 
can be filled to the full height great savings are effected by the process of stabi- 
lizing otherwise unsuitable material. Further major savings can be effected by 
the need for less gravel — a factor which is also of great interest from the point 
of view of nature conservation. In addition to these direct savings it is also 
generally possible to effect economies as a result of less loss of time, especially 
in wet weather. Working conditions are improved and there is less maintenance 
on machinery etc. These indirect advantages often justify the stabilization of 
transport routes, even in cases where, from the purely technical aspect, such 
measures are not strictly necessary. An example of the economic advantages of 
stabilization is illustrated by the construction of the new airfield at Jonkoping. 
The bearing layers for the runways will be stabilized and, in this way, it is ex- 
pected that a saving of more than 10 % will be effected as compared with 
traditional building methods. The main roads at the big RILA exhibition held 
at Jonk6ping in the summer of 1959 were stabilized. This resulted in a re- 
duction in cost of more than 15 %. As an example of the great improvement 
and, at the same time, major saving involved we now have oiled gravel roads 
— a construction far superior to the old gravel roads. 
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Classification of Soils 


Soils are polydisperse systems — the composition of which differs from place 
to place — consisting of solid mineral particles, particles of organic material, 
ground liquids and salts and gases dissolved in these liquids. When classifying 
the solid mineral particles it is general to use the now international Atterberg 


system based on the grain size. 


Grain group Diameter in mm 
Boilers se Gai are tent 200 
SSROniG peti ne) sin) yet Aen en 200 —-20 
Ciera we ea ee cee eae 20 —2 
Woarse* sand! on.) voce tele 2 — 0.2 
Pane oan ches y yew WE hs Res Fee a, 0.2 — 0.02 
See. epee en eae an a 0.02 — 0.002 
CE Parchs is. alae ne Mype cents < 0.002 


This scale is very suitable for Swedish conditions and for the most usual type 
of soil, till, which covers most of the land area. Soils are seldom well sorted and 
consequently the designations are generally a combination of different grain 
group classes. As regards stabilization, however, there may be advantages in 
classifying the soils into friction soils or granular soils and cohesion soils. This 
classification is based on the quantity of material of grain size < 0.06 mm and 
on the basis that the fine-grain fraction is the basis of the cohesion and water- 
retaining properties of a soil. 


Designation Quantity < 0.06 mm 
CSrATieal SOM eis Be cr ls (es cabins 0— 20% 
Gohesiwve eranular seu 2.35 ext eee os 20— 35% 
Wohestomsou tle see et ox 5 ater isos 35—100 %%, 


Grains coarser than 0.06 mm can generally be seen with the naked eye, from this 
figure down to 0.002 mm with a microscope and finer grades with an electron- 
microscope. The coarser grains are crushings of the parent rock forming the soil 
and consequently have the same mineral composition. As the size decreases the 
grains are divided into primary particles and the decomposible mineral is con- 
verted. As a rule the clay fraction consists mainly of primary particles and de- 
composition products of the original mineral. The shape and appearance of the 
grains are changed during the process of decomposition. The finest grains have 
a large active surface, with consequent electric charge and adsorption capacity 
and more or less marked colloidal properties. The adsorption capacity is es- 
pecially marked in the case of the so-called clay minerals and the quantity of 
these minerals and their adsorbed ions dominates the properties of the clay frac- 
tion. 

A characteristic of the granular soils is that they can easily be divided into 
individual grains with the aid of tools and that they are relatively insensitive to 
water. As a rule the grains are not bonded to one another but they can be 
packed to form a bearing skeleton, the strength of which depends upon the 
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division of the grains and their shape and the actual strength of the mineral 
grains. To achieve greater adhesion the grains must be bonded with a binder of 
some kind. Depending upon their quantity and properties the finer components 
of the soil may provide such a binder. When stabilizing a friction soil we can 
either add a material with good bonding properties or increase this effect in the 
naturally occurring binder fraction. There may be occasions when the best 
results are obtained both by additives and by improving the grain distribution 
by adding material which fills in the empty spaces. Stabilization of a granular 
soil can be effected with cement or bituminous binders which, in themselves, 
have good bonding properties, and with or without grain improvement. Stabili- 
zation of a granular soil can also be effected by the addition of a very fine- 
grained soil, a clay or a so-called puzzolan, for example fly-ash, coal dust ash. 
The bonding capacity of the clay or the puzzolan is increased by stabilizing with 
lime 

Cohesion soils always consist of aggregates of fine particles even after 
mechanical processing. The individual aggregates are bonded by the finest parti- 
cles and coarser particles, such as gravel, sand or silt are enclosed. In the dry 
matter state a cohesion soil generally has a sufficiently high shear strength to 
bear traffic loads. When wet the properties of a cohesion soil differ greatly 
from those of a granular soil, since the latter allow water to permeate without 
any effect on the load-carrying capacity. The coarser particles of the cohesion 
soils have the capacity to retain or adsorb water by capillary attraction. In 
addition, the particles of the clay fraction surround themselves with a film of 
water which is adsorptionally bonded to the surface of the grain. Cohesion soils 
are affected by moisture to a far greater extent than granular soils. The shear 
strength decreases to zero, the soil swells appreciably, the consistency is changed 
and, in extreme cases, it can be transformed from a solid or plastic state to a 
liquid state. In this condition the soil can permeate granular soils used for the 
upper layers and cause considerable damage to the base of the road. This is 
especially serious when frost melting takes place, when the accumulation of 
water under the frost period is appreciable and the frost melting process takes 
place quickly. When a cohesion soil dries the change in consistency is in the 
opposite direction and shrinkage cracks may occur. Underlying, looser earth 
may then creep up through the cracks. The cracks may be transplanted to the 
upper base layers and the road consequently damaged. 

When stabilizing a cohesion soil the problems are different from those con- 
nected with granular soils. The problem is not to bond the primary particles 
but to treat the aggregates in the cohesion soil physically so that a suitable de- 
composition and size of the aggregates is obtained and, at the same time, so 
that these aggregates are made as water-resistant as possible and bonded to- 
gether so as to obtain a good strength factor. By increasing the water-resistance 
we can avoid the detrimental effects of the soil becoming wet and maintain the 
strength when wet at a level sufficiently high to allow the soil to be used for 
the engineering project in question. The necessary division into small pieces dur- 
ing the stabilization process must be carried out when the soil is suitably moist 
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to avoid the need for excessive decomposition work. The best water content is 
that corresponding to the optimum Proctor water content, which is almost tie 
same as the plasticity limit according to Atterberg. The water content prior to 
stabilization is often higher and consequently it may be difficult to break up 
the pieces mechanically, especially when dealing with stiff clays. Thus, a prop- 
erty of the stabilization medium must be that it facilitates decomposition so 
that, after treatment, the bulk of the grains are less than 5 mm. Since it will al- 
ways be a case of dealing with aggregates of fine grains the stabilizing medium 
will operate from the surface of the soil particles. For this reason it is necessary 
that the water content is sufficient to allow the development of the chemical 
action of the stabilizing medium and to permit the medium to permeate into 
the pieces via cracks and pores. 


Constitution and Properties of Clay Minerals 


‘he dominant importance of the clay fraction in most soils is due to the fact 
that this fraction contains completely different minerals from those in the 
coarser fractions and that these clay minerals are small. Throughout the size 
range running from tens of millimetres down to about 0.002 mm the grains 
have consisted — chemically, that is — of largely the same minerals even though 
some have been divided into monomineral particles. True, the clay fraction also 
contains primary minerals but the bulk consists of clay minerals with completely 
different chemical and physical properties from those of the coarser grains or 
the minerals from which they have been formed. To a great extent the grains 
of the clay fraction are within the colloidal range (< 0.0002 mm). With such 
small grain sizes as these the total area of the particles is very large. This can 
be illustrated by the following example. A cube with 1 cm sides has an area of 
6 cm”. If we divide the cube into smaller cubes the total area at a side length 
of 0.001 mm will be 6 m? and, if the lower limit for colloidal particles is set at 
0.000005 mm the area of 1 cm? is 3,300 m?. This enormously large area as 
related to the volume of the particles results in their having specially marked 
properties, i.e., all properties dependent on the surface will be very evident, the 
adsorption capacity is considerable. Typical colloidal properties such as sol-gel 
conversion, thixotropy, flocculation or coagulation, peptization and hydratation 
are also typical properties of clays. In order to simplify the description of the 
properties of clays it is necessary to investigate to some extent the composition 
of the clay minerals. The lattice of clay minerals consists of layers. ‘They consist 
of several layers of silicon dioxide tetrahedra and aluminium or magnesium 
octahedra which may be combined in different ways and thus give rise to dif- 
ferent minerals (see fig. 3, as per Hauser) (2). In normal cases a lattice is al- 
ways electrically neutral, with the possible exception of fracture surfaces where 
there are unsatisfied valency bonds. In many clays we find minerals in which 
lattice substitution has taken place. For example, an Al+++ ion may have been 
replaced by an Mg++ ion in an octahedra resulting in a deficit of positive 
) charge, i.e., the particle has become negatively charged. In the same way Sit+++ 
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Fig 3. Structural data for the most important clay minerals and 
their building units (after Hauser) (2). 


aluminum octahedron; 3 = magnesium octahedron; 
hydrated silica; 5 = gibbsite; 6 = brucite; 7 = halloysite; 8 = attapulgite: 9 


silicon tetrahedron; 2 


(substituted). 


aolinite; 10 = talc; 11 = nontronite; 12 = mica (illite); 13 = montmorillonite 
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may be replaced by Al+++ in silicon dioxide tetrahedra. The negative charge 
thus received by the particle must be compensated in some way so as to render 
the particle electrically neutral. This can happen by the process of its adsorbing 
at the surface an equivalent quantity of particles with an opposite charge, 
cations, such as K+, Ca++, H+ etc. 

When suspended in water the clay minerals become surrounded by a layer 
of oriented water molecules which are gradually transferred to the surrounding 
water solution. The ions required to compensate the negative charge of the 
particles now appear in this layer of water and in the solution. They are now 
called counter ions to the particle. Their negative charge is also increased in the 
water suspension as a result of the ionization of the hydroxyl groups in the clay 
mineral. Positive charges arising as the result of unsatisfied valencies may also 
adsorb negative ions. However, this adsorption is generally negligible compared 
with the adsorption of cations. The particles have a negative net charge and 
appear as an acid, they are acidoid in character. A particle with its layer of 
water and counter ions constitute a unit. The counter ions can move in the 
water solution and may be exchanged for ions further out in the solution. There 
is certain balance between the ions which belong to the particle and those 
which can move freely in the solution. The ions in the water solution are hy- 
dratized and become surrounded with water dipoles. Thus their actual diameter 
is greater than that of the ion. 

The most important property of a clay colloid is its ion-exchange capacity 

-and the consequences resulting from the fact that ion exchange is of great im- 
portance in the stabilization process. If cations of a type different from those 
adsorbed are added to the outer solution an exchange reaction can take place 
and the new type of ion can permeate the clay complex and expel some of the 
ions already there, these latter being dispersed into the outer solution, Exchange 
is controlled by the following lyotropic series where an ion on the right expels 
one on the left: Lit Na+ K+ H+ (H,O+) Mg?+ Ca?+Ba?+ (the designation 
H+ is used for the sake of brevity). The counter ions in Swedish clays generally 
consist of about 50/80 % Ca, Mg, K and Na while the remainder is made 
up of H-ions. If a surplus of Ca ions is added to the outer solution they will 
displace all the H, Mg, K and Na ions and consequently the clay will become 
Ca saturated. This chemical reaction takes place in reverse power to the activity 
of the various ions and can be described by the following reaction formula, in 


which L is a clay particle: 
L— H, + Ca?+—-- L— Ca + 2 Ht 

or _L—H, + Ca(OH), —> L— Ca + 2H,0 
An exchange in the opposite direction can be achieved by a precipitation re- 
action, for example: 

Pe Gace, 00,22 Na; == Caco, 

precipitation 
or L— Ca, + Si(OH), — L— H, + Ca,SiO, 
Active Silicon dioxide 
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By drenching the soil with a salt solution or with water we can bring about an 
ion exchange which may go in the opposite direction to the lyotropic series 
referred to above. The balance which always exists between the quantity of the 
adsorbed ions and the quantity of the same type of ions in the outer solution may 
be disturbed in that the ions in the outer solution are constantly removed. ‘They 
are then replaced by ions from the inner solution and these, in their turn, are 
replaced by ions from the liquid with which the soil is drenched. If the suspen- 
sion is heavily diluted this “washing-out” effect may also be characterised by 
changed physical properties resulting from the changed adsorption conditions. 
Ion exchange in a clay suspension is generally succeeded by marked physical 
changes. The consistency of a clay at a given water content is governed by the 
electrical potential within and around the particle complex. In addition to the 
thermodynamic potential resulting from the charge om the particles there is 
also another potential, the so-called zeta.potential, the size of which depends 
upon the outer conditions around the particle complex. The thermodynamic 
potential is not affected by these conditions. The reaction between these two 
potentials controls conditions in the suspension. The particle complex, with its 
film of water and counter ions, can be regarded as a capacitor with a potential 
(z) depending upon the charge on the particles, the thickness of the film of 
water and its dielectric constant and the ion concentration. In that many vari- 
ables can influence the magnitude of the zeta potential very complicated con- 
ditions may arise. Changes in the consistency may pass through several maxi- 
mum and minimum stages. If the zeta potential is high the particle will be high- 
ly hydratized; more water surrounds every particle. ‘The clay suspension is stable 
and the consistency is that of a sol. If the zeta potential is low the water film 
surrounding the particles is less, they can come closer to each other until direct 
contact is established. The clay coagulates to a gel. The viscosity rises appreci- 
ably and the consistency changes from liquid to plastic or solid, depending on 
the water content. The water which has become separated from the particles 
is now in the cavities between the coagulated particles forming the aggregate. 
When ions are added to a suspension the zeta potential is changed depending 
upon the valency of the ions and their concentration and the pH value of the 
solution. However, the various ions do not have the same bonding strength or 
adsorption energy, these factors varying with the hydratation factor and de- 
creasing in accordance with the same lyotropic series as indicated above (see 
fig. 4 after Hauser). Upon the adsorption of monovalent ions, such as K+ and 
Na*, the maximum and minimum limits for the consistency changes are es- 
pecially marked. When a small addition of ions is made the zeta potential in- 
creases and a weak increase in the viscosity is noted as a result of the increased 
hydratization of the particles. When the zeta potential has reached maximum 
an increased ion additive results in a marked reduction in viscosity Owing to 
the dispersion or peptizing effect resulting from the marked hydratization of the — 
particles. The viscosity reaches a minimum and the particles seem to be sur- 
rounded by a film of water. Ceramic casting slips work within this area (3) 
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Further additions again increase the viscosity in that the zeta potential de- 
creases and the film of water around the actual particles is reduced. Flocculation 
or coagulation takes place at sufficiently high ion concentration. If, under such 
conditions, a coagulated suspension is heavily diluted the ion concentration may 
be again reduced by the dilution. The “washing-out” effect will become ap- 
parent and the zeta potential increases once more. In this way the solution can 
be repeptized and the viscosity will again fall. This action is probably of im- 
portance with regard to frost melting in soils coated with monovalent alkali 
ions. In the case of divalent ions, such as Ca*+, which only have a weak pepti- 
zation capacity at low concentrations —- but a marked flocculation effect at 
high concentration — there is no maximum zeta potential. Thus the addition 
of a large surplus of lime to a clay results in marked coagulation and the con- 
sistency stiffens to a considerable extent. The risk of repeptization as a result of 
heavy dilution is also reduced owing to the surplus of Ca ions and to the slight 
peptization effect of these ions at low concentrations. 

Owing to the low zeta potential of the particles and the slight peptization 
capacity of the Ca ions a coagulated clay with a surplus of Ca ions is far less 
affected by water than a clay with monovalent counter ions such as Nat or 
K+. If a clay coagulated with Ca ions is saturated with water the cavities will 
be filled in the same way as in the case of capillary attraction while the coagu- 
lated particle aggregates are only effected slowly. In the case of a clay which 
has not been treated with Ca ions — in which the counter ions often consist 
largely of monovalent ions — the particles can build up a film of water cor- 
responding to the higher zeta potential or to the higher dispersion capacity of 
the adsorbed ions as compared with the Ca ions. The clay swells more than the 
Ca-ion saturated clay, which former may often be self-disintegrated in water. 
Swelling with the adsorption of water and shrinkage when water is removed are 
‘two properties which are influenced by the adsorption conditions of the clay. 
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Both these properties are of great importance to road builders. A clay coagu- 
lated with Ca-ions will adsorb more water in the capillaries between the particle 
aggregates before swelling takes place than is the case with a non-coagulated 
clay in which swelling takes place at a more rapid rate. For this reason the 
water content at maximum density is, according to Proctor, higher for a coagu- 
lated clay than for a non-coagulated. The swelling and skrinkage processes are 
shown in fig. 5. Generally speaking there is less shrinkage in a Ca clay than in 
a clay with monovalent ions. A Ca clay also dries quicker as a rule. The strength 
of a dry Ca clay is less than that of a Na clay, for example. For this reason the 
addition of lime facilitates drying and powdering. In practice this has been 
found especially useful when dealing with stiff, moist soils in that the mechani- 
cal handling of these soils can be greatly facilitated by lime stabilization. Vehi- 
cles will be able to advance over such soils with far greater ease — a factor of 
great economic importance, especially during wet weather. 


Clay Chemical Reactions when Stabilizing 


~ Many soils have a grain distribution and clay mineral content of such charac- 
ter that chemical reactions may take place between the stabilizer and the clay 
fraction. As a rule these reactions are most marked in cohesion soils, while soils 
with a smaller content of fine-grained material, cohesive-granular soils and fric- 
tion or granular soils are less affected by chemical conditions in the fine frac- 
tion; this influence varying with the composition. Using the normal nomen- 
clature the range varies from stiff (A 6) to light clay (A 4) or sandy soils and 
till with a clay content. As regards the most usual stabilizers referred to earlier 
not only lime, but also cement, can give rise to chemical reaction between the 
lime hydrate and the clay since, during the hardening stage, cement forms a 
small amount of lime hydrate. 

The reactions between a clay and the Ca ions from the hydrate are of two 
distinct types; those which take place immediately after the addition of the Ca 
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ions and those which take place over a longer period of time, long-term re- 
actions. The former, which were dealt with in the preceding section, are purely 
colloidal in nature and result in a physical conversion of the structure of the 
clay. The latter take place much more slowly and over a long period of time 
and result in the establishment of new chemical compounds or minerals. Where- 
as the first reactions take place within the course of seconds and minutes the 
latter take weeks and months. These second reactions are often called puzzolan 
reactions and materials which have the capacity to react with lime and give 
rise to new minerals of the type encountered when cement hardens are called 
puzzolans after a volcanic rock of this name found in Italy. Puzzolans consisting 
of volcanic, glassy rocks are very effective. As a rule puzzolan effect in soil is 
connected with the occurrence of active silicon dioxide, which often occurs in 
soils in hot climates. Even ordinary clay has these properties to some extent. 


CHANGES IN CONSISTENCY 


The first effects of the additives are on the consistency of the clay. Upon the 
addition of Ca ions the clay coagulates immediately and the shearing strength 
and resistance to water are raised. The changes in consistency can be followed 
in several ways, for example by determining the Atterberg limits. In the USA 
these are often used as a simple guide to the suitability of the soil vis-a-vis one 
stabilization method or another. This simple method has not been found suit- 
able in Sweden, where the choice of type and quantity of stabilizer is based on 
methods which improve the strength properties. However, Atterberg’s limits are 
used when classifying soils. 

The addition of lime has a very marked effect on these limits. Table 1 and 
fig. 6 show the changes in the limits for various Swedish clays with increased 
additions of lime. As will be seen the plasticity limit is generally altered to a 


water 


Fig 6. Change in Atterberg limits in a stiff 
medium clay from Sala when stabilizing 
with lime. 
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ereat degree while the change in the liquid limit is sometimes less pronounced 
and sometimes equally pronounced. The difference, PI, a decrease in which is 
considered very important in the USA, is sometimes unchanged, sometimes 
lower and sometimes higher with these clays. 

A good indication of the changes, which allows also for the actual water con- 
tent of the clay, can be obtained by studying the so-called consistency factor. 
According to Atterberg’s limits the consistency factor (k) follows the formula 


k et W, ed Age 
Pi 
where W, = liquid limit 
W. natural water content of the soil 


n 


PI = plasticity index 


The following ranges are obtained 


kK =>1 solid 
0 — 1| plastic 
<0 fluid 


Of course, the boundaries between these states are not precise. 
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Fig 7. Change in consistency (k-value) 
on adding lime hydrate. 
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Fig. 7 shows the increase in the consistency factor in various clays with in- 
creased additions of lime. The changes are very pronounced, at times to the ex- 
tent that a change in the state of aggregation takes place. The clay samples 
were taken from various depths below cultivated ground, ie., from the dry 
crust or the subsoil and from deeper layers. Their base exchange capacity and 
ion coverage in the natural state and also the base saturation are normal. Ca 
ions result in a marked change in base and consequent coagulation. The Ca ion 
has, after all, the greatest flocculation effect of all the ions normally present in 
the ground. In this connection it may be mentioned that, in addition to cement 
and lime other preparations containing Ca ions have also been used, e.g., Ca 
acrylate, which has been patented in the USA. This preparation results in both 
coagulation and bonding. The effect of CaCly is well known. For various 
reasons neither these nor several other preparations have been used in con- 
junction with stabilization. 

A complete change of base in these clays would mean the consumption of 
about 0.75 % Ca(OH)» if the average base exchange capacity of the clays 
can be considered to be about 20 me per 100 grammes, which is a quite usual 
value. As will have been noticed from the diagrams the general practice is to 
add at least 5—6 times as much lime, Le., a considerable surplus. This raises 
the pH value and consequently the acidic properties of the clays become even 
more pronounced, As a result of the large surplus of lime it is ensured that the 
ion concentration is always sufficiently high to bring about complete coagu- 
lation. A further contributory factor is that the quantity of liquid in the ground 
is small. As a rule stabilization is used when the water content is at, or slightly 
above, the plasticity limit. 

One of the aims of chemical conversion of clays in the manner indicated 
above is to permit mechanical stabilization, 1.e., compaction by means of rolling. 
The water content of clays which is of particular interest in this connection is 
the optimum water content for best compaction as determined in the Proctor 
apparatus. Stabilization should be carried out at this water content or within 
95—100 % of this figure, but not at an appreciably higher value since the 
plastic properties of the clays rise quickly with increased water content. ‘This 
may lead to plastic deformations and harder going for machines and vehicles. 
The optimum Proctor water content is influenced by the coagulation. Fig. 8 
shows a number of curves applicable to a German loess soil. As will be seen 
the water content rises considerably with the addition of lime. The maximum 
density is also reduced slightly and the pore volume is greatly diminished. The 
Germans have taken advantage of this factor when constructing the north— 
south autobahn (4). The loess soil in question had a natural water content 
which was often about 10 % higher that that corresponding to the optimum 
Proctor density and consequently the soil was almost half-fluid. By coagulating 
the soil with lime it was possible to raise the optimum water content by about 
4 % (see fig. 8). By using unslaked lime, which was of course immediately 
slaked on laying, about 1 % of the water content was consumed. The remaining 
approximate 5 % was evaporated by ventilation, this taking place and being 
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Fig 8. Density-water content 

curves (Proctor) for German 

loess soil, after Brand and 
Schonberg. 
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made possible by the lime during the mixing stage. The heat of the slaking 
reaction also contributed to the evaporation. 

As a rule the shrinkage limit, the plasticity limit and the water content are 
close to each other and thus compaction takes place when the water content 
is such that the adsorption water film on the clay particles is fully developed — 
and the capillaries only very slightly filled and the swelling still insignificant 
When in this state the clay packs tightest and consequently mechanical treat- 
ment reduces the capillary volume to a minimum. The original pore water now 
suffices to fill the capillaries after compaction. Fig. 8 shows how the volume of 
the cavities is reduced with an increased addition of lime. At the same time 
the water content required for maximum density has increased somewhat, this 
meaning that, as a result of coagulation, the consistency of the clay has stif- 
fened so much that a certain extra additions of water is necessary in order to 
obtain the same maximum density with the same mechanical processing as be- 
fore coagulation. This additional quantity of water corresponds to the some- 
what lower maximum volume weight in the coagulated state. As a result of 
ion exchange during the stabilization process the resistance of the clay to dis- 
integration by water is raised. A clay stabilized in this way is impermeable to 
water, but water vapour can permeate it. 

The increased stiffness of the clays resulting from coagulation is accompanied 
by an increase in shearing strength. Fig. 9 shows a diagram of the relation be- 


| 
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Fig 9. Effect of stabilizing 
with 6 % lime on Ska-Edeby 
clay. 0 
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tween the shearing strength and the water content with a superimposed curve 
indicating Ekstrém’s (5) method of classifying clays by measuring the difference 
in the water content at the relative strengths of H = 10 and H = 100. The 
diagram also includes two points indicating the previously mentioned (‘Table 
1) very loose clay from Ska-Edeby with and without the addition of 6 % 
lime hydrate. The relative strength, measured with a cone, rises from 2.9 to 
69.0 and the shearing strength from 0.007 kg/cm? to 0.170 kg/cm? or about 
25 times at constant water content. If Ekstr6m’s method is applied to the stabili- 
zed clay the curve should be flatter than that for the unstabilized clay with 
2 greater difference in water content. The relation between the two differences 
can then be used to express the increased resistance to disintegration. 


PUZZOLAN REACTIONS 


Since time immemorial calcium compounds have been the most important 
type of bonding agent for building purposes. The use of slaked lime, which 
hardens by adsorbing carbon dioxide from the air, air lime, has been known for 
at least 5,000 years. The Romans mixed lime with volcanic rocks, puzzolans or 
trass and thereby obtained a bonding agent which was stronger than air lime 
and which would harden when wet. In modern times Portland cement, which 
hardens as a result of the hydratization of tri- and di-calcium silicate, has been 
developed. This product, and a number of simpler types, constitute hydraulic 
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bonding agents. When using these binders only the addition of water is re- 
quired to bring them into action. The Romans’ original method of mixing lime 
with another mineral and water is used in a modified form today when making 
lime-sand brick and certain lightweight concretes. The reactions between the 
lime and the mineral (with its high content of silicon dioxide) are accelerated 
by heating in an autoclave. At a temperature of around 200° C a fairly com- 
plete reaction is obtained between the lime and the mineral additive in 15—-20 
hours. This results in the creation of new minerals of a type similar to those 
formed when Portland cement hardens (6). 

At ordinary outdoor temperatures the reactions between lime and ordinary 
soils take place far more slowly. In addition to temperature and moisture the 
course of the reactions depends upon the varying reaction between lime and dif- 
ferent soil minerals. However, in the case of stabilizing, much more time is 
available than when producing building materials and consequently puzzolan 
reactions in stabilized soils are of great importance. It can be said that they 
prolong and improve the increase in quality obtained when changes in con- 
sistency are brought about by the exchange of ions during the course of the 
colloid chemical reactions. This means that the properties of stabilized soils 
after a certain period of time depend upon the immediate colloid chemical 
reactions when stabilizing and upon the changes which take place with time as 
a result of puzzolan reactions. 

Most fine-grain soils display puzzolan properties of varying degree. Silt 
which contain large quantities of fine-grain silicon dioxide have a consider- 
able reaction with lime. Stiff clays, in which the clay minerals dominate in the 
finest fractions, also display puzzolanic activity. Fig. 10 shows the growth in 
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Fig 10. Effect of curing time on crushing 
strength. 


Fig 11. Effect of Curing on the 
Compressive Strength of lowa 
loess Stabilized with Hydrated 
lime (after Laguros, Davidson, 
Handy and Chu). 
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strength of a silty clay and a medium clay. In order to show the dependence 
of the growth in strength on the temperature details are shown in fig. 11 of the 
curves obtained with a loess soil from Iowa (7). 

In many cases, especially with poor soils, the content of mineral with ade- 
quate puzzolanic activity is too small to enable acceptable results to be obtained 
when stabilizing with lime. In such cases it is possible to add not only lime but 
also a suitable mineral with good puzzolan properties. One of the most common 
in the USA is fly-ash — coal dust ash. This is used on a fairly wide scale. 
According to a recently published investigation carried out by Leonard and 
Davidson (8) the prime reaction product between lime and fly ash is a gel. 
This gel then leads to the production of a crystalline form, probably calcium 
silicate I. The reactions are greatly dependent on the temperature, which should 
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be in excess of 20° G. Another material with good puzzolan properties is trass. 
This was used in Roman times and is found in Germany, among other countries. 
It is used in the same way as fly-ash and also as a binder together with lime in 
so-called trass-lime concrete (9). This has been used to some extent for road- 
building. When stabilizing with Portland cement the strength is increased, but 
only the strength, and there is therefore no dependence on the puzzolan content. 
Thus cement is the best medium for poor and coarse-grained soils. In the case 
of somewhat more fine-grain soils the quantity of lime hydrate formed is often 
too small to bring about the desired coagulation of the clay fraction. In this 
case a mixture of lime and cement can be used, the lime improving the con- 
sistency and the cement acting as a binder. By the addition of lime the soil can 
be more easily pulverised so that it can be stabilized with cement. However, a 
combined process of this kind is often limited in action by other factors which 
influence the bonding properties of the cement, for example the humus content. 


Properties of Stabilized Soils 


As has been indicated earlier, the improvement of cohesion soils by stabili- 
zation is mainly a question of improving their properties when in the wet state. 
The demands made on the material depend to a great extent upon in which 
part of the road construction they are to be used. Generally speaking it can be 
said that the nearer the surface of the road the greater the demands as to 
strength and resistance to water and frost action. 

The procedure adopted when determining the load-carrying capacity of a 
material in Sweden and Germany, among other countries, is shown in diagram 
form in fig. 12. Test bodies — with a water content corresponding to the op- 
timum according to Proctor — are filled with varying quantities of stabilizer. 
After a certain curing, or storage, period during which the test bodies are pro- 
tected from damp by a layer of paraffin wax, the crushing strength is deter- 
mined on test bodies which have been saturated and drenched with water for 
two days and on bodies containing the original amount of water. It will be 
seen from fig. 12 that the strength at the Proctor water content increases im- 
mediately upon stabilization and thereafter increases considerably with time. 
Prior to stabilization the strength of the soaked test bodies is nil but the strength 
increases rapidly after stabilization and, after 7 days, is about twice as high as 
that of the unstabilized not soaked test bodies. The type of soil referred to in 
fig. 12 is a sandy light clay with about 60 % of the material finer than 0.06 
mm and with an approximately 25 % clay fraction. It is a pronounced frost- 
heaving clay with a frost action sensibility rating of III. After a period of time 
longer than that referred to in the example the strength can rise to a high 
figure. Fig. 11, which refers to investigations carried out in Iowa, shows that 
the crushing strength can rise to more than 100 kg/cm?. Trials with a silt clay 
from Dalarna resulted in values of about 30 kg/cm? after 3 months. The dif- 
ference between the strength at the Proctor water content and on soaking 
should not be too great. A difference of about 30 % is normal. 
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Fig 12 Effect of curing on compressive strength 
of a clay silt, stabilized with 5 % hydrated lime. 0 
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Other methods, too, are used to check the increase in strength and one of 
these is to measure the module of elasticity of the soil at various stages of satu- 
ration. This method was developed by Odemark (10) at the Swedish Road 
Research Institute. It is a non-spoil method and has as such certain advantages. 
In the USA various forms of triaxial method (11) are used and are directly 
related to the classification systems employed there. California bearing ratio 
(CBR) is another well-known method of the penetration type. 

Details have already been given of the effect of stabilization on the water 
resistance of soils. In fig. 12 this improvement is shown as increased strength 
in the soaked state. The improvement is due both to the reduced sensitivity to 
water following changed adsorption conditions and to the increase in strength 
with time. Similar results have been obtained with silt clay and stiffer clays. 
Fig. 13 shows a series of pictures of a simple test of silt clay from southern 
Dalarna. The test bodies on the left have been stabilized with 5 % lime hydrate 
and cured during a period of 7 days. The test bodies shown on the right have 
not been stabilized. In the uppermost picture they are placed in their respective 
dishes. Water is then added to a height of 1 cm. The pictures show the state 
after 0.5, 2, 3, 5 and 10 minutes. The unstabilized bodies quickly become 
saturated and fall apart while the stabilized bodies adsorb relatively little water. 
During the 3 months since the test was made the stabilized test bodies have not 
been changed by this water treatment. 

As regards resistance to freezing and thawing not a great deal of material 
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is available; this being mainly due to a lack of suitable measuring methods. 
Methods used in other connection have been found to be less suitable for stabi- 
lized earths (7). 

According to a Russian investigation (12) dealing with the lime and bitumen 
stabilization of a gravel-soil mixture the strength is reduced initially when sub- 
jecting the material to repeated freezing but later settles to a more or less 
constant value. 

However, there are several good practical examples of improvements of frost 
action damage by stabilization (13). A small number of practical tests on a 
small scale have been carried out in Sweden and the results have been good. 
These have stimulated further tests on a large scale and laboratory trials with 
suitable apparatus. New results are expected but, quite naturally, such tests 
take time since, to be able to arrive at any definite conclusions, many instances 
of frost break up must be considered. Test borings have been made on a trial 
road constructed in the summer of 1957. These test borings were made at the 
end of the winter period and it was found that no water accumulation or ice- 
layer formations were evident in the stabilized clay, nor above it. However 
these phenomena were evident below the layer and this would appear to indi- 
cate that insulation against water transport from below was sufficiently good. 
The results may also be interpreted as indicating that the stabilized layers of 
clay have had a better inner strength and a smaller capillary water content than 
the unstabilized clay underneath. As a result the frost expansion has had less ef- 
fect on the stabilized clay and the occurrence of large cavities due to cracks has 
been avoided. In this way no ice lenses have been able to form as a result of 
the intrusion of water during repeated freezing actions. It is probable that both 
this improvement in resistance and the reduced water-transport capacity have 
contribted to the good results. 

The phenomena of frost action sensibility, swelling and shrinkage are closely 
allied to adsorption conditions in the clay fraction. As has been mentioned 
earlier a clay complex which has been stabilized and thus Ca-ion saturated has 
far less adsorption water and a reduced tendency to adsorb water and swell 
than is the case with a clay which has not been stabilized in this way. In that 
compaction takes place when the water content is such that only a small 
quantity of water fills the capillaries, the total capillary cavity after mechanical 
processing is fairly slight. The curve shown in fig. 8 shows that the cavity 
volume after stabilizing had been greatly decreased after compacting this lime- 
stabilized loess soil. The relation between the quantity of adsorbed water and 
the quantity of free water in the capillaries is dependent on the structure of the 
soil and the grain distribution. A lighter earth holds proportionally more capil- 
lary water than a stiffer one. When a clay freezes the water in the cavities and 
cappillaries is converted into ice and expands. The adsorption bound water is 
already of a structure similar to ice crystals (14) and consequently there is 
little or no increase in volume. The damaging action of the frozen water in 

the capillaries depends upon the quantity involved and the existence of cavities 
in the same way as when wet, porous material is frozen. When the freezing 
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action is repeated there is the additional factor of water transport capacity ; 
this latter generally being slight in stabilized clays. The adsorption-bound water 
cannot cause damage. A well compressed and coagulated clay should thus offer 
fairly good resistance to frost break-up, mainly because the quantity of dam- 
aging water is small. Resistance is also dependent upon the inner strength or 
cohesion of the material and its capacity to resist the stresses resulting from the 
expansion in volume of the frozen water. On thawing the volume of the water 
is again reduced while the capillary volume is a little larger than before free- 
zing. As a result of consolidation the material can revert to its original volume 
without any great reduction in the strength. However, should the clay be prone 
to swelling this may happen before the material has had time to consolidate 
after thawing. This propensity is fairly slight in a clay stabilized with Ca ions, 
but a clay with monovalent ions has a far greater propensity to swelling. In 
unfavourable cases a rapid change in consistency, with a consequent reduction 
in strength, may take place as a result of the “washing-out” effect described 
earlier. In extreme cases the strength may be so reduced that the weight of 
traffic causes a break — frost break up damage. 

As a rule stiff.clays are less sensible to frost action than light clays, nor are 
very coarse-grained soils prone to frost action. The most dangerous zone is be- 

tween the pronounced friction soils and the pronounced cohesion soils. In this 
~ zone there are soils with a marked capacity to retain water, mainly capillary 
water. The possibilities of influencing their sensitivity to frost heave by chang- 
ing the adsorption conditions will then depend upon the size of the clay frac- 
tions. It should be possible in many cases to stabilize these soils with a suitable 
mixture of lime and a puzzolan or, in some cases, a stiff clay and thus bring 
about better resistance to swelling as a result of Ca ion adsorption and higher 
internal strength as a result of the stabilizing action. Many of the gravel roads 
in Sweden would probably be a suitable field for experiment. 


Conclusion 


Owing to their content of clay minerals cohesion soils and transition types 
to more coarse-grained soils are sensitive to changes in the type of ion contained 
in the ground water. The physical properties of soils are greatly dependent 
upon the ions adsorbed in the clay minerals and their concentration in the 
ground water. Modern stabilization methods involve the treatment of the soil 
with chemical additives which, by coagulating the clay mineral, result in an 
improvement of the engineering properties of the soil, stabilization. It is prima- 
rily a question of improving the properties of the soil in the wet state. Stabili- 
zation is the result of colloidal chemical changes and a puzzolan reaction be- 
tween the lime additive and the natural puzzolan content of the soil. The puz- 
zolan effect can sometimes be increased by the addition of suitable material. 
The resistance of the soil to water and frost heave can be improved by stabili- 
zation. Continued research in this field will probably be of major economic 
importance to development in the construction of roads. 
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Hostmotet 1959 


Svenska féreningens fér lerforskning héstméte hdlls den 16 november 1959 pa Hotell 
Gillet i Uppsala. 

Ordforanden férklarade sammantradet 6ppnat och halsade de narvarande valkomna. 

Sekreteraren foredrog styrelseberattelsen. 

Revisionsberattelsen upplastes av laborator K.-I. Skarblom. Pa forslag av revisorerna 
beviljades styrelsen full ansvarsfrihet for det gangna verksamhetsaret. 

Arsavgiften faststalldes till kr 10: — for enskilda medlemmar och kr 200: — for kor- 
porativa medlemmar. 

Styrelsen fick den sammansattning som framgar av forsta sidan. 

Valnamnden foreslog, att ett sekreterararvode skulle utbetalas. Pa férslag av ordf. 
remitterades arendet till styrelsen for yttrande. 

Civiling. L. Andersson, Stra Kalkbruk, Stockholm, holl féredrag dver 4mnet: »Om 
jordstabilisering. Nagra lerkemiska aspekter». Efter foredraget visades en film om jord- 
stabilisering med kalk. I diskussionen yttrade sig hrr T. Hagerman och G. Assarsson, fru 
A. M. Asklund samt foredragshallaren. 

Vid den gemensamma lunchen avtackade ordféranden de avgaende styrelseledam6- 
terna lab.ch. Ch. Enberg och tekn. lic. S. T. Lundin. 

Ass. A. Eklind, Tegellaboratoriet, Stockholm, héll foredrag 6ver 4mnet: »Olika de- 
flockuleringsmedel vid partikelfordelningsanalyser>. I den efterféljande diskussionen ytt- 
rade sig hrr G. Assarsson, L. Wiklander, O. Peterson, F. Brotzen, R. Sdderblom, F. 
Rengmark och foredragshallaren. 

Laborator S. Andersson, Kung]. Lantbrukshégskolan,. Uppsala, héll foredrag 6ver 4m- 
net: »Om kapillara stigh6jder och vattenhaltsjamvikter>. I diskussionen yttrade sig hrr 
O. Petersson, G. Assarsson, T. Hagerman och féredragshallaren. 

Ordforanden tackade féredragshallarna, och métesdeltagarna férflyttade sig till den 
nya mineralogisk-geologiska institutionen vid Uppsala Universitet, dar prof. E. Norin 
inledningsvis gay en 6versikt Over institutionens planering. Institutionen visades darefter 
av prof. E. Norin och lab. S. Florin. 


Sammantradet hade samlat ett 50-tal deltagare. 
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On the Granite and Spilitization 
By 


VLADI MARMO 


Geol. Tutkimuslaitos, Otaniemi Finland 


Introduction 


In this journal, the paper of Oftedahl (1958), on the theory of exhalative- 
sedimentary ores, has caused issuing of additional papers written by several 
authors, including myself (Marmo, 1958). Thus, also Oftedahl (1959) having 
answered to the most of his critical reviewers, the unprejudiced readers should 
be able to take an attitude toward the views both of the presented theory and 
of its criticers. Hence, the repeated remarks of an author, who already has ex- 
pressed his opinion, may appear here as entirely undue. 

In his reply, however, Oftedahl] (1959) touched some questions of utmost 
importance not only for his theory but also for the granite-ore problem, in 
general. To my opinion, the manner of consideration of some cited data pre- 
sented by Oftedahl in his reply is unsatisfactory mainly because the works 
thereby cited have been generalized by him to fit a certain opinion, simultane- 
ously neglecting the fact that these generalizations are actually against the de- 
scriptions cited. On the other hand, there the meticulous search for the ore- 
forming material in the granites has been carried out, at the same time entirely 
spurning ample other sources (sulphide schists particularly) readily available. 

These observations prompted the writing of the additional remarks on the 
thoughts-inspiring paper of Oftedahl. I will restrict myself into problems of 
granite and spilitization. 


What is granite? 


It is entirely senseless to discuss the granite problem unless the term “granite” 
is properly defined. There is much difference between, say, a synkinematic 
granite-looking rock and a late-kinematic ideal granite; and still, in the litera- 
ture, the term “granite” mainly includes everything what looks like a granite. 
The fact that the actual granites compose a very unimportant fraction of all 
the rocks termed as “granites’”, has been stressed in an emphatic manner by 
Walton (1955), and, later on, by Marmo (1956) and Smulikowski (1958). 

If a granite is to be interpreted as being of magmatic origin, then it must 


fullfil at least the following conditions: 
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1. It must have a true granite composition, which means that it must be rich 
in potassium, because otherwise the rock is not any granite. 

2. The potash minerals (feldspar) in these granites must be evenly distribu- 
ted, and, therefore, different parts of the same rock body must have homogene- 
ous composition deviating but a little from the average composition of the whole 
granite body. 

3. The distribution of potash feldspar in the rock must be such, that any 
large age differences between younger potash feldspar and other constituents of 
the rock there should not occur. 

These conditions may be, and usually they are, fullfilled in the late- and post- 
kinematic granites (for instance: Marmo, 1958). These granites appear in the 
field as true intrusive bodies, and, consequently, they may be of magmatic origin. 
Certainly, concerning the origin of these granites, there opposed views exist as 
well (Marmo, 1958a), but, still, they maj be magmatic. The late- and post- 
kinematic granites, however, do not form any really extensive and homogeneous 
bodies. In the overwhelmingly most cases examined they form bosses or dykes 
of restricted size; and, if any sulphide ore bodies are indisputably connected 
with some granites, the host rock is always late- or postkinematic, and com- 
paratively small in size. The present writer has explained this fact as being due 
to emplacement of granites and ores (other than molybdenite and uranium) 
into similar tectonical environment rather than to the genetical relationship 
between granites and ores (Marmo, 1958b). In the present discussion, however, 
this statement is not of any fundamental importance, because it does not affect 
the actual subject here to be discussed. 

The really large “granite” bodies — the batholiths, on the contrary, do not 
fullfil the requirements set forth in the foregoing for the magmatic granite 
bodies. Very seldom they attain the composition of granite, but mostly they 
are granodiorites or quartz diorites (Marmo, 1956). Furthermore, these bodies 
are very variable in composition. And: and this is the most important feature 
of these rocks; the potash feldspar (invariably microcline) is there always inter- 
sticial and of distinctly later origin than other constituents of the rock (Eskola, 
1954 and 1956; Marmo, 1956; Smulikowski, 1958; etc.). This results also in 
the fact, that the patches of true granite composition, within the synkinematic 
batholiths, are always limited in size and mainly restricted to the tectonically 
disturbed or modified portions of the body (Marmo, in several connections). 

In his reply, Oftedahl cited the paper of Bott (1957) saying (Oftedahl, 1959, 
p. 139): “— — — investigations by Bott (1957) and others indicate that 
homogeneous granite bodies ordinarily may have dimensions of 20 km or more 
in diameter and a thickness of about 8 km”. (Italics of the present writer). 
This reference of the paper of Bott is, however, somewhat inexact, because the 
granite body investigated by Bott, according to his own rock description (Bott, 
1957, p. 46), is not any homogeneous granite: “—- — — The acid igneous 
rocks often referred to comprehensively as granite are coarse-grained, crystalline 
rocks — — —. Subdivision into true granite, adamellite and granodiorite is _ 
based on the feldspars. In this paper, tonalites are normally included with the 
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granites.” And: “Within a single mass there is often considerable variation of 
acid rock type . . .” Furthermore, at many places, this rock is eneissose. Con- 
sequently, referring to this batholith, in the sense of the discussion of Oftedahl, 
is incorrect. In addition, according to Bott, even if originally of magmatic origin, 
the emplacement of this batholith has taken place due to isostatic-type phe- 
nomena depending on the “granite“ mass deficiency. In the discussion following 
the paper of Bott, A. F. Hallimond remarked that (discussion after the paper 
of Bott, op. cit., p. 63): “It would seem that the gravitational results cited 
might be summarized by saying that the present gravitational profiles did not 
give any additional contribution such as could be attributed to a structure in 
the underlaying layer.”” K. C. Dunham made, in the same connection, a very 
important and well established question (op. cit., p. 64) whether “a sediment- 
filled basin would give a similar curve”. If batholiths of such kind are meta- 
morphic and partly palingenetically remolten sediment masses, subsequently 
isostatically displaced (they may even contain magmatic materials, not, how- 
ever, of granite composition, the potash feldspar of these rocks being invariably 
definitely younger than other constituents, and obviously emplaced into a solid 
rock) such masses would undoubtedly cause similar gravitational anomalies as 
do the rocks investigated by Bott. This possibility appears also in the criticism 
by I. J. Watson (op. cit., p. 65): “The fact that it (anomaly) is usually negative 
is attributable to the comparatively low density of granitic materials, and has 
no further significance.” And: “Dr. Bott favours an interpretation in terms of 
post-tectonic granite intrusions, but there seems to be little point in introducing 
such a conception when a more tenable explanation is available.” ‘The last-cited 
sentence is such that it may well be adopted for many other geological inter- 
pretations, as well, including those proposed by Oftedahl for many ore deposits. 
Consequently, notwithstanding many supporters of the views of Bott, to some 
extent including also myself, there still seems to be, in the phrases cited, suffi- 
cient evidence to prove that taking (by Oftedahl) the work of Bott as prove 
for the existence of large reservoirs of granite magma is unjustified, and par- 
ticularly so, because the “granite” studied by Bott, actually was not any homo- 
geneous granite at all. 
Thus the comparison between the amount of abscesses of human skin and 
the abundance of magma reservoirs, presented by Barth, seems still to be much 


better established. 


: Albilization 


The second point in the reply of Oftedahl, which I would like to discuss 
somewhat more thoroughly, is that concerning the “spilitization”. In my critical 
remarks (Marmo, 1958) I pointed out, that the porphyries adjacent to the ore 
bodies often are not of granite composition (in the actual fact, they are seldom 
granitic). To this Oftedahl remarks that (op. cit., p. 141) “the soda dominance 
is often so pronounced that the conclusion is inescapable that this is not a pri- 
“mary magmatic composition”, and that “this soda dominance must be linked 
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“J 


interaction between the Na-rich sea water and hot, acidic glass particles”. 
I would first remark that there must be enormous amounts of very salty water 
to be able to convert some acid porphyry of granite composition (with 3 to 5 % 
K.O) into some acid porphyry containing but 0.3 to 0.1 % KO. Still more dif- 
ficult it is to understand that soda introduced in such a way would be as evenly 
and thoroughly distributed in the rock as it is in the acid porphyries accom- 
panying some ore bodies. Thus a homogeneous distribution of equigranular 
plagioclase in the acid porphyries, including the innermost parts of the flows, 
if caused by spilitization, is really surprising, because one would expect that if 
extruded under water, the flows would obtain solid crust in few days time; and 
even before that, any other interaction between the Na-rich sea water and hot 
lava but a very superficial one, is hardly to be expected.-Eskola, Vuoristo and 
Rankama (1937) have carried out the spilite reaction in the laboratory, but 
thereby it was necessary to use a temperature of 310—330° C and a duration of 
168 hours to obtain albite from a mixture of anorthite and olivine. Similar 
conditions as effected by a lava extrusion into the water are out of question; 
and furthermore, the “spilitization” of potash feldspar would be not the same. 
To my opinion, here is a rather artificial explanation with a very weak, but 
still theoretically somehow established back-ground. Furthermore, if in these 
porphyries potash feldspar is present at all, then it often occurs filling the 
interstices or forming thinny veinlets, only to minor extent being definitely 
contemporaneous with the plagioclase (as it does in actual granite porphyries). 
In addition, in most cases examined by the present writer, the plagioclase of 
these porphyries has not been albite but oligoclase, which makes the applica- 
tion of the spilitization theory still more difficult, if a “spilitization” of potash 
feldspar is concerned. 


up with the “spilitization””’, and he assumes “that this process simply is the 


The albitization of “granitoids” has been proposed by many other authors, 
as well, most recently, perhaps, by Smulikowski (1958) who studied the “gran- 
itic rocks” of the Sudetic Mountains. There the reason for the supposition of 
albitization is entirely opposed to that why Oftedahl would like to adopt the 
spilitization theory. The rocks described by Smulikowski are, in his opinion, of 
sedimentary origin. Sediments, on the other hand, are usually much richer in 
potassium than the granodiorites, adamellites, and tonalites, usually mainly 
composing the “granite” batholiths. Thus, there the granitization is not possible, 
because this means addition of potassium. The present writer has suggested 
(Marmo, 1956, 1956a, 1958a), that such circumstances may be due to expulsion 
of potassium from the regionally metamorphozed sediments (the possibility of 
which phenomena is theoretically well established, and also often observed in 
the field). This would then re-appear in the localities of lower free energy 
(tensional faults and folds, tensional fractures, etc.), in which, in the actual 
fact, the true granitic portions of a granddiorite batholith usually occur. There 
it may cause a local granitization, or formation of aplites. By the present author 
this phenomenon has been termed as granodioritization. The authors favouring 
the “albitic feldspathization’”, including Smulikowski, postulate, that there must 
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have been albitization preceeding the granitization (because the potash feldspar 
in these rocks in invariably distinctly younger than the oligoclase, and because 
microcline is often replacing plagioclase, the opposite replacement having in 
these rocks, never been observed). None of these explanations, however, does 
give any support to the view that even acid porphyries should have been pri- 
marily of real granite composition, but then converted into almost potassium- 
less rocks of quartz-diorite composition. On the other hand, I cannot see there 
any actual reason, why some kind of hypothetical spilitization or albitization 
of these porphyries would be thought, because the quartz-diorite composition 
of these porphyries is in good agreement with certain recent acid lavas, as well. 
Why these ancient lavas would not be allowed to have had a similar composi- 
tion? I fail to see there any demand to make the interpretations more compli- 
cated than it is necessary. 


Discussion 


Tlere are two ways to interpret certain phenomena occurring in the nature: 
eithe: we adopt some general theory and then attempt to make all the observa- 
tions nade in the field to fit into this theory, disregarding other available inter- 
pretatons which are in variance with that adopted; or each phenomenon ob- 
servedis attempted to be interpreted in easiest and most plausible way, disre- 
gardir the pre-existing theories of general nature, into which the phenomena 
observ:d do not fit. I personally prefer the latter alternative. May be I am 
wrong but still I feel that this is the more correct way of thinking if the granite 
geolog is concerned. The decision between these two alternatives is not only 
the fomal one; in the actual fact, this a decision is of a very fundamental char- 
acter ;it includes the settlement whether the phenomena in the nature follow 
alway similar single ways, or if similar results may be obtained in different 
ways, ts well. In the chemical industry, the same compounds may be produced 
in vey different ways. In the nature, the sulphur bacteria produce sulphur 
eitherby reducing sulphates or oxydizing hydrogene sulphides. But a similar 
sulphr is produced by the volcanic exhalations, as well. Therefore, even the 
laborzory experiments do not necessarily give us the true natural conditions 
of theformation of, say, fayalite, and still the end products both in some ultra- 
basic ocks and in the laboratory experiments are almost identical. For these 
reason concerning the granite petrology, the geologist cannot be either a mag- 
matistyr a metasomatist. He has to consider the both possibilities in each sepa- 
rate c@ examined by him, and rule out one of these two providing he has suf- 
ficient mount of evidence to approve that. 

Conening that part of the theory of Oftedahl which deals with the genetical 
relatiowhip of granitic exhalations and ores, I fail to see that this a relationship 
would » sufficiently established, and particularly so because this an establish- 
ment sans to depend upon the adoptation of such interpretations which ap- 


pear as2ing much more artificial than many other ones available at hand, used _ 


for instice by Gray (1958) for the ores of Rhodesian copper belt. But still, 
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the issue of the article of Oftedahl, in my opinion, was very welcome. This is 
already proved by the fact that it called forth such an amount of discussion as 


it already did. 
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Notis 


Morfologiska forandringar pa Ivé i samband med »katastrofregnet» 
den 31 juli 1959 


Av 
P. O. PERSSON 


Paleontologiska Institutionen, Lund 


Pa eftermiddagen den 31 juli 1959 f6ll déver nordéstra hérnet av Skane och angran- 
sande delar av Blekinge ett valdsamt regn, som inom en stor del av omrAdet fick rent 
katastrofala féljder. Grodan fdrst6érdes, byggnader skadades, och pa vissa_stillen, 
sarskilt pa Ivé, dar 200 mm regn féll under loppet av 2 timmar, férorsakade vatten- 
massorna betydande morfologiska férandringar i landskapet. Salunda bildades pa 6ns 
vastra sida, omkr. 900 m SV norra udden, en mer an 200 m lang, 10—20 m bred och 
upp till 7 m djup ravin med branta vaggar (fig. 1). Ravinen stracker sig fran lands- 
vagen Ivo by—Kaolinbrottet (denna vag blev f. 6. delvis forst6érd) och ner till sjo- 
stranden. Den mark, som vattenmassorna genomskurit. bestar dels av glacifluvial sand 
och dels av en ganska blockrik moran. Utanfér ravinens-mynning vid stranden har 
en deltabildning 4gt rum, vilken resulterat i att en ny halvo uppstatt (fig. 2). Denna 
stracker sig omkr. 40 m ut fran den ursprungliga strandlinjen och ar ca. 70 m bred. 
Halvén synes huvudsakligen besta av grus och sand, men sarskilt i dess proximala del 


on le atl 
Foto: N. Tulling 
Fig. 1. En del av ravinen. Huset till hoger ar delvis underminerat. 
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Foto: N 
Fig. 2. Den nya halvén utanf6ér ravinens mynning. 


finnas ocksa ganska stora stenblock samt omkullvrakta trad, som rivits med av vatten- 
massorna. 

Pa Ons 6stra sida, omkr. 1 km SSO norra udden, har utsk6ljt material byggt upp ett 
liknande delta. Den halvé, som salunda bildats, stracker sig omkr. 50 m ut fran den ur- 
sprungliga strandlinjen och ar ca. 60 m bred. Nagon egentlig ravin har ej bildats har, 
utan materialet till den nya halvoén, vilket bl. a. innehaller kubikmeterstora block av sa- 
val urberg som en mycket hard, gra skalgruskalksten, har sk6ljts ned fran den branta 6st- 
sidan av Ivo Klack. 

Nagot hundratal meter langre séderut intraffade i samband med regnkatastrofen ett 
maktigt jordskred, i det att en omkr. 50 m lang och 40 m bred landmassa invid stranden 
forskéts ca. 10 m utat sjon, Glidytan tycks ha utgjorts av kalkmoran. Pa landremsan 
ifraga vaxa bl. a. flera stora bokar. 

I en fruktodling tillhérande hemmanet Iv6 20:8, omkr. 1300 m S norra udden 
och 100 m fran vastra stranden, brét plotsligt ett maktigt kallsprang fram ur marken, 
som har bestar av grov, delvis sekundart cementerad kalkmoran. Vattnet stro6mmade 
upp ur ett i det narmaste vertikalt hal med omkr. 0,5 m diameter och bildade en 
strid back ned till stranden. Annu tre veckor efter regnkatastrofen gav den nya kallan 
mer 4n 1 000 minutliter vatten, trots att det ej] regnat namnvart i trakten under dessa 
tre veckor. Att marka Ar, att ingen tillstymmelse till back eller kallsprang funnits pa 
platsen tidigare, men det Ar naturligtvis tankbart, att ett utflé6de djupt under Ivésjéns 
yta funnits, och att detta helt eller delvis tappts till genom nagon sattning i marken. 
Troligen finnas vittutgrenade system av temporart vattenfyllda gangar och haligheter 
i skalgruskalken och kalkmoranen runt Ivé Klack, och vid namnda tillfalle har vattnets 
tryck i dessa blivit sa starkt, att vattenmassorna maste bryta sig en helt ny vag. 

Verkningarna av ett haftigt regn bli ju i Sverige lyckligtvis sallan sa valdsamma som 
i det aktuella fallet. Att de morfologiska forandringarna pa Iv6 blivit sa stora, beror 
sakerligen pa de saregna geologiska forhallanden, som aro radande darstades. 


(Manuskriptet inkommet till redaktionen 29 sept. 1959.) 
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Recensioner 


Per H. Lundegdardh: Stenar i farg. Almqvist & Wiksell, Stockholm 1960. 
127 textsidor, 64 fargplanscher. Pris i klotband 14: 75, 


Till personalen vid Sveriges geologiska undersokning har fran allmanheten i manga 
ar riktats forfragningar efter en elementir larobok pA svenska om mineral och bergarter, 
fragor, som hittills tyvarr ha mast besvaras nekande, da tidigare arbeten av A. Sjégren 
och L. J. Igelstrém Ar starkt foraldrade och dessutom numera knappast star att upp- 
bringa. Foreliggande arbete av statsgeologen och docenten P. H. Lundegardh fyller sa- 
lunda ett lange kant behov. 

Arbetet, som 4r i liten och handig oktav, inledes med en svit av 64 sidor fargplan- 
scher av de vanligaste mineralen och bergarterna, arrangerade i grupper enligt gangse 
indelningsgrunder. Det avbildade materialet ar oftast av svenskt ursprung. I de fall att 
battre eller mera karakteristiska stuffer finns i vara grannlander, har forf. dock i férsta 
hand latit avbilda sadana. Fargtrycken ar pa det hela taget-tillfredsstallande och i 
manga fall mycket bra. Vissa farglésa eller vita stuffer Aterges dock i manga fall med 
en tidigare okand kulor, sannolikt beroende pa brytningsfenomen och ljusreflexer vid 
fotograferingen. 

Den beskrivande texten borjar med en klar och lattfattlig redogérelse for kristallsys- 
temen, hardhetsskalan, den kemiska sammansattningen av jordskorpan samt jordklotets 
uppbyggnad och efterféljes av en redogorelse for de geologiska processer, som leder till 
bildning av mineral och bergarter. Flera textbilder i svartvitt finns har. Nasta avsnitt 
omfattar bestamningstabeller for mineral, och dessa aro baserade pa egenskaperna farg, ’ 
hardhet, glans, spec. vikt och utbildningsformer. Till detta ar fogat en forteckning 6ver 
svenska huvudfyndorter av malmmineral och en upprakning av de bergartsbildande 
mineralen. Aven ett antal bergartsbestamningstabeller har konstruerats av forf. 

Darpa féljer texten till de ovannamnda 64 sidorna fargplanscher, och i denna ar ton- 
vikten lagd pa svenska férhallanden. Varje mineral behandlas pa mellan 10 och 40 ra- 
der, vilket far anses vara tillrackligt med hansyn till bokens karaktaér av fickupp- 
slagsverk. Nar férf. behandlar bergarterna blir texten fylligare an for mineralen och 
kompletteras ofta med svart-vit-bilder i texten samt redogorelser for skilda namngivna 
bergartsvarianters sardrag och forekomst m. m., exempelvis artiklarna Granit, Gabbro 
och Gnejs. I den sistnamnda av dessa kommer forf. bl. a. in pa anlaggningar av berg- 
rum. 

Arbetet avslutas med ett kapitel om meteoriter, vilket bl. a. inrymmer en kort redo- 
gérelse for det intressanta Hesslefallet i Uppland ar 1869. Sist foljer ett avsnitt med 
termférklaringar samt ett fylligt sakregister. 

Forfattaren har givit sig i kast med en uppgift, som alla svenska geologer velat se 
Jést men ingen vagat att riktigt pa allvar ta itu med. Omd6met blir att han med heder 
skilt sig fran uppdraget att skriva sin del av samlingscykeln om naturen i farg. Natur- 
ligtvis finns det alltid nagot, som varje anmilare skulle vilja ha tillagt till eller bortta- 
get fran ett arbete av just denna karaktar. Med hansyn till den oerhérda mangden av 
fakta och det ringa formatet pa boken ar detta en ofrankomlig sak, som givetvis e] for- 
ringar dess varde. Boken kan verkligen med varm hand rekommenderas till en mine- 
ralogiskt och geologiskt intresserad allmanhet. Den lampar sig ocksa som grundkursbok 


vid hégskolor och for bredvidlasning i gymnasiet. 
Erik Ahman 


* 
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D. S. Korzhinski: Physicochemical basis of the analysis of the paragenesis of minerals. 
Consultants Bureau, Inc., New York—Chapman and Hall, Ltd., London 1959. 142 
sidor och 86 fig. (Oversattning fran den ryska upplagan utgiven i Moskva 1957.) 


I den strida strém av sovjetiska naturvetenskapliga skrifter, som i sparen av upp- 
seendevackande astronautiska triumfer borjat 6versvamma Occidenten, marks en hel 
del geologiskt gods. De mer elementara larobéckerna av Oststatsmodell har val trots 
sina fértjanster i allmanhet foga nytt att erbjuda — mer 4n det sympatiskt laga 
priset! Vida viktigare ar de alster, som i monografiform tar upp mer avgransade 
problem till ingaende behandling. En god representant for den senare kategorin ar 
ovannamnda bok, vars 4amnesval for 6yvrigt har en stark nordisk forankring med tanke 
pa Goldschmidts och Eskolas pionjarinsatser. Den korrekte forf. har ocksa inledningsvis 
framfort sina reverenser i vederborlig ordning. 

Foérst behandlas de termodynamiska lagar, som bildar grundvalen till parageneslaran. 
Forf. agnar sig har framst at sitt speciella skétebarn, namligen jamviktstillstand och 
termodynamiska parametrar i 6ppna system, med den petrologiska baktanken att skapa 
ett teoretiskt underlag fér framfor allt de metasomatiska processerna. Han infor bl. a. 
begreppet »lattrérliga> kontra inerta komponenter och utgaende fran det antagandet, 
att Aven system, som undergar irreversibla forandringar, under vissa villkor kan anses 
befinna sig i jamvikt (»mosaikjamvikt»), tillampar han fasregeln i nagot modifierad 
form pa dessa system. Dessa teorier som férutsatter god kannedom om ett sa exklusivt 
amne som irreversibel termodynamik, forefaller for den oinvigde att vara framlagda 
pa ett mycket vederhaftigt satt. Kritiska roster har dock tydligen gjort sig horda, 
t. o. m. i det egna hemlandet, varom flera polemiska inslag av delvis fran natur vittnar. 

Den som 4r road av geometriska konstruktioner kan sedan fa sitt lystmate tillfreds- 
stallt, nar forf. redovisar olika metoder att grafiskt askadliggéra den kemiska*eller mi- 
neralogiska sammansattningen. Har ar det inte bara fragan om de klassiska liksidiga 
triangeldiagrammen utan en for geologiska sammanhang ovanligt utt6mmande inven- 
stering av de mojligheter, som modern projektionsgeometri foérfogar 6ver. 

Aven bokens senare del ar utpraglat teoretisk, men har laggs tyngdpunkten pa sjalva 
mineralparagenesen. Efter att ha givit en del nédvandiga definitioner och bl. a. ut- 
vecklat sina synpunkter pa innebérden av mineralfaciesbegreppet behandlar férf. sam- 
bandet mellan den mineralogiska sammansiattningen och de olika faktorer, som kan 
paverka densamma. For att askadliggéra systemens tillstandsandringar kommer huvud- 
sakligen kemiska potentialdiagram och ekvipotentialkurvor till anvandning. Forf. illust- 
rerar sina tankegangar med geologiska exempel, huvudsakligen hamtade fran sitt eget 
arbetsfalt, det dstsibiriska urberget. Som ett smakprov kan namnas hans undersdkning 
av ett gnejsomrade med den stabila mineralassociationen: kvarts-ortoklas-plagioklas- 
biotit-hornblande-klinopyroxen-hypersten. Efter nédvandiga forenklingar raknar han ut 
jamviktsekvationer for de monovarianta reaktioner, som kommer i fraga. Darefter konst- 
ruerar han ett paragenesdiagram med de kemiska potentialerna for NazO och K2O 
som variabler (= de lattrérliga komponenterna; wH2O liksom P och T Ar konstanta), 
dar de monovarianta jamviktsreaktionerna representeras ay rata linjer, vars vinkel- 
koefficienter bestams av det for reaktionen karakteristiska molfOrhallandet K2O:Na20. 
Dessa linjer avskiljer i sin tur olika bivarianta falt, som vart och ett utmarker en para- 
genestyp. Inom ett och samma falt kan alltsa sammansiattningen varieras utan att para- 
genestypen andras. I det sammanhanget betonar férf. plagioklasmineralens stora bety- 
delse som »subfacies-indikatorer». 

Det kan tillaggas, att det bl. a. fordras viss kinnedom om determinantteorien fér att 
fa fullt utbyte av férf.:s originella framstallningssatt. Trots de teoretiska utsvavningarna 
haller sig forf. dock kvar pa jorden, nar han i slutkapitlet uttryckligen framhaller, att 
det ar betydligt lattare att fran ett givet utgangslage och under givna betingelser hir- 
leda stabiliteten av en viss mineralassociation &n att ga den motsatta vagen. Denna 
nedslaende sanning forringar dock inte pa nagot satt det lovvarda initiativ, som tagits 


av Geochemical Society fér att dka den regionala spridningen av detta intressanta 
arbete. 


Bengt Lindqvist 
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J. A. Jacobs, R. D. Russel, J. Tuzo Wilson: Physics and Geology, — McGraw-Hill 
Book Company, Inc. New York 1959, 424 p. 


Denna bok 4r en utvidgning av de kurser i geofysik, som de tre férfattarna givit stu- 
derande i geologi och fysik vid universitetet i Toronto. De ha dirvid velat ge de forst- 
namnda en introduktion i jordens fysik och studerande inom andra Amnesomriden ni- 
gon kannedom om geologin och dess relation till geofysiken. 

Innehallet i boken ticker val de amnen, som ha foreslagits vid en utbildning av 
geofysiker vid svenska universitet. Bokens 17 kapitel omfattar silunda foljande amnen: 
universum och solsystemet, seismologi och jordens sammansattning, jordens form och 
tyngdkraften, jordens termiska historia, geomagnetism, den évre atmosfiarens fysik, 
geokronologi, isotopgeologi, jordmateriens mekaniska egenskaper, undersdkningar av 
Oceanernas bottnar, marina centralryggar, dgirlander och bergskedjor, inaktiva bergs- 
kedjor och kontinenter, bildningen av jordens ytformer samt glaciologi. 

Varje kapitel kan Jasas som en avslutad enhet, och framstallningen har gjorts 1att- 
forstaelig aven fér dem, som inte ha nagon djupare matematisk kunskap. For de teo- 
retiskt intresserade finnas sex bilagor, i vilka den matematiska behandlingen av ut- 
valda problem om fundamentalsatser gives. Innehallet i de olika kapitlen ar av n&got 
ojamn kvalitet, da det pa det begransade antal sidor, som statt till buds, ibland har va- 
rit svart att 6verskadligt behandla sa stora A4mnesomraden. I den man innehallet kunnat 
kontrolleras, ha inga sak- eller tryckfel patraffats. I sin helhet har boken mycket att bju- 
da bade aldre och yngre geologer, framfor allt dock de senare, i det den ger en god men 
inte for ingaende 6versikt av den geofysiska vetenskapen. Vill man namna nagot avsnitt 
framom de andra, torde det korta kapitlet om jordens termiska historia samt behand- 
lingen av geokronologin framhallas. Sarskilt det sistnamnda kapitlet 4r en utmarkt intro- 


duktion i de nu anvanda metoderna. 
Erik Welin 


Simpson, G. G., Roe, A., Lewontin, R. C.: Quantitative Zoology. Harcourt, Brace and 
Co., Inc., New York-Burlington: vii + 440 pp. Printed February, 1960. 


The second, largely rewritten, edition of Quantitative Zoology has appeared 21 years 
after the first. During this period of time much has happened in the biometrical world, 
-and most English-speaking zoologists, and a few paleontologists, have at least a nodding 
acquaintance with statistical methodology. This was, however, not the case in 1939, the 
year of first appearance of the book, when the biological attitude to the subject was 
often hostile. The situation now is different thanks largely to its influence. British and 
American taxonomists are commonly required to undergo some training in biometry, 
and this fact has prompted the authors to suitably modify the original layout. A result 
of this is that the book is now more a textbook for class instruction. 
_ The contents of the second edition are much the same as those of the first and the on- 
ly major addition is a chapter on the analysis of variance. A good deal of the original 
arrangement of the topics has been reshuffled. It might be asked why some of the re- 
cent advances in the biometric application of multivariate statistical analysis have not 
been taken into account. The textbook under review is, however, introductory and in 
‘order to have included multivariate techniques it would have been necessary to make 
the entire volume mathematically more advanced. Ms 
The present reviewer prefers the style of the first volume. It is tiring to have the 
captions to the figures in the same style as the body of the text and the procedure of the 
first edition of printing the illustratory examples in a different type would have bettered 
the second edition. The following tables are provided in an appendix: Areas and ordi- 
nates of the standardized normal curve, table of t, table of 7, table of F, and signifi- 
cance properties for the correlation coefficient. This procedure is an improvement over 
the original arrangement with the tables located in the main text. There is also a glos- 
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sary of symbols (the usual mathematical abbreviation for covariance is cov and not 
cov.). 

In the first chapter a discussion on zoological variables is presented, as well as obser- 
vations on the meaning of significant figures. The notes on the role of indices are par- 
ticularly interesting. The second chapter is concerned with aspects of mensuration: it 
should be brought home to the student that no amount of mathematical manipulation 
will make up for incorrect measuring techniques, and he would be well advised to read 
the section carefully before attacking his problems. Frequency distributions and the 
concept of grouping are reviewed in the next chapter. The application of the arithme- 
tic mean is treated at length. The procedure accepted in the first volume, known as the 
>assumed mean method», is quite rightly dropped. This chapter also includes the me- 
dian and the mode, the treatment of these statistics being much the same as in the first 
edition. Dispersion and variability are treated in about the same way as in the first edi- 
tion, but the usage of symbols has been modernized. One of the rather irritating sides 
of the first edition was the almost exaggerated use of footnotes, in which more difficult 
points and notes on derivations were presented. This made itself ‘particularly felt in 
the section on dispersion. In the present edition footnotes have been slashed to a mini- 
mum, the information formerly included in them now being incorporated in the run- 
ning text, or entirely omitted. A section on sampling useful to the paleontologist and 
zoologist follows. This includes a brief note on the capture-recapture method, the math- 
ematical theory of which has attracted much attention of late. The method of quadrat 
sampling, which originated in Scandinavia, is discussed. It might have been useful: to 
have an account of the improvement introduced by Greig-Smith in 1952 and its more 
recent mathematical extension by Thompson in 1955. Although this newer theory is 
based on plants it is also applicable to many groups of animals. Its chief virtue lies in 
the fact that it permits the use of the analysis of variance. 

A chapter is devoted to probability and probability distributions in which the bino- 
mial distribution, the Poisson distribution, and the normal distribution are discussed. 
Parts of the chapter are extensively rewritten and modernized. The paragraphs on skew- 
ness and kurtosis are largely unaltered, but the setout is better, and at least one inac- 
curacy in calculation is corrected. The present reviewer would have preferred a more 
up-to-date treatment of these two statistics plus their standard errors, in accordance 
with recent standard texts on applied statistics (e. g. Snedecor, 1956). A valuable better- 
ment is provided by the chapter on confidence intervals, which is in part a rewritten 
version of the original section entitled »Probability and Reliability». The common uni- 
variate standard errors are placed here. 

The section on testing the difference between the means of two samples has 
been brought up to date; the chapter may be claimed to be a veritable Eldorado 
of useful information. The student is advised to understand the principles under- 
lying the remarks on paired comparisons (pp. 180—182), for this concept is of 
much use in multivariate connexions. The ‘subject of heterogeneity of variance 
is now more widely treated, although only for two samples. The reviewer feels 
it would have been a good idea to have taken up Bartlett’s test of homogeneity of vari- 
ance, considering that it is of such use in the analysis of variance; the calculations are 
simple, and it is now standard in statistical texts. 

‘The standpoint adopted in the chapter on. correlation and regression is illu- 
muinating for the paleontologist, and even advanced biometricians may be able 
to pick up useful information and thoughts there. Particularly the touchy problem of 
whether correlation or regression is justifiable in a given situation is provided with a 
timely discussion. The authors arrive at the conclusion that despite statements to the 
contrary, the zoologist may continue to use classic regression methods, whether or not 
one of the variables has been deliberately chosen to take prassigned values. The authors 
advise against the usage of the regressional methods of »major axes» and »reduced 
major axes». An acount is given of Bartlett’s »best-fit> straight line method. The text 
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treating correlation is substantially the same as before. The correlation ratio is not in- 
cluded in the second edition. 

The chapter on »Association» of the old edition is now partly taken up in a 
new chapter entitled »Tests on Frequencies», and partly redistributed elsewhere. Three 
problems are treated, using the chi-square technique, that apply to discrete variates, 
namely, the »goodness-of-fity test of observed frequencies to theoretical, testing the 
similarity of distribution of two or more populations, and association between two or 
more attributes. The treatment of graphic methods in taxonomy, although slightly en- 
larged, is fundamentally little altered from the 1939 version. 

The section on growth has been much expanded. It contains much useful in- 
formation and is doubtlessly the most valuable single contribution of the whole 
book. It is to be hoped that students of animal growth will take the advice offered 
concerning plotting of the raw observational data before plunging into an ill-considered 
mishmash of logs and curve-fitting. The importance of the difference between the 
allometry of growth and size is discussed. 

Chapter 12 is concerned with analysis of variance. This section is introduced with a 
discussion of the taxonomic application of the technique. The analysis of variance has 
one of its greatest applications in agronomy. Compared with this science, the number 
of factors of interest to the zoologist and paleontologist are more restricted. The authors 
suggest that the factors of time, locality, environment, physiology, taxonomic cate- 
gories, and techniques are the main ones in zoology. The form of the analysis of variance 
included may be summarized as below: For the fixed model — one factor designs, the 
analysis of variance in regression (this replacing the correlation ratio of the first edition 
as a test of rectilinearity of regression), two factor designs, and three factor designs. 
The three factor design is not provided with a worked example, which would have been 
helpful to the student, bearing in mind the background of that section of the scientific 
public to which Quantitative Zoology is addressed. The random factor type of model 
is provided with the same design as above. A section is also given which involves 
mixed models, in which the factors cannot be classified as all-fixed or all-random; 
for example, a problem involving sympatric species (fixed) in a series of randomly 
chosen localities (random). Finally, tested models are treated, which involve, for 
instance, the common zoologic case where factors are not factorially related. If any 
criticism is to be made of the section on variance analysis it would be that there are too 
few worked examples, and none with a direct paleontological flavor. It is to be remem- 
bered, that still too few universities provide instruction in biometry and many workers 
attempting to apply quantitative methods to their problems will be laboring alone and 
unaided. The section demonstrates adequately the power of the technique in connex- 
ion with quantitative problems. 

Finally one of the overall improvements is the consideration taken to machine 
calculation throughout. There can be no doubt that the zoological-paleontological 
student will receive an excellent insight into the meaning of statistics in biology with 
the help of the book under review. Quantitative Zoology is an absolute necessity for all 


students of neo- and paleozoology. 
R. A. Reyment 


| R. B. Behrmann: Die geotektonische Entwicklung des Apennin-Systems. 
(Geotektonische Forschungen hafte 12.) E. Schweizerbart’sche Verlags- 
buchhandlung, Stuttgart 1958. 99 s., 15 fig., 2 pl. 


I den trevliga publikationsserien »Geotektonische Forschungen>, som utges av lly 
Stille och Fr. Lotze, har nu en av Behrmann skriven 6versikt om Apenninsystemet ut- 
kommit. Stilles larjungar A. Pilger, H. W. Quitzow, Grichters |: Schneider, R. Teich- 
miiller och R. B. Behrmann har under trettiotalet utfort flerariga geologiska undersok- 
ningar i Apennin och grannomraden, vilka Behrmann nu sammanfattningsvis bearbe- 


- 
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tat. I boken ar Aven den nyare italienska litteraturen inarbetad. Behrmann, som har 
mangarig erfarenhet fran praktiskt geologiska arbeten for ett amerikanskt oljebolag i Ita- 
lien, beharskar stoffet suverant och tecknar i korta lattfattliga meningar Apenninsyste- 
mets tektoniska utveckling. Uppstallningen i de olika kapitlen ar mycket klar och 6ver- 
siktlig och aven en icke specialist pa italiensk geologi far tillfredsstallande insikter 1 nu- 
varande foérestallningar om omradets geologiska byggnad och historia och dessutom, vil- 
ket maste anses betydelsefullt, pa vilka faltforhallanden dessa ar grundade. Figurerna i 
boken, vilka uteslutande bestar av tuschtecknade profiler, kartskisser och principskisser, 
kompletterar texten. 

Omradet intar, sasom lange kant, en tektonisk nyckelposition mellan Vastalperna 1 
norr, Dinariderna i 6ster och Atlas i Nordafrika, genom att det veckade omradet bildar 
en S-formig bage. Vastalperna med sin nord- respektive vastvergenz slutar 1 Medelhavet 
sydost om Corsika, medan Apenninerna, Dinariderna och Atlas har ostlig respektive 
sydlig vergens. Bade Vastalperna och Apenninerna harstammar i Norditalien ur samma 
geosynklinal, vilket kan bevisas genom sedimentens facies. Vaster om Genua ar dock 
vecken 6verstjalpta och 6verskjutna mot vaster, medan 6ster om Genua rorelserikt- 
ningen i de liguriska skallorna lika entydigt ar riktad mot 6ster. Langre i séder ingar 
andra element i den Apenninska fjallkedjan, och forhallandena blir mera svartydda. 

Boken kan rekommenderas att medtagas som komplement till en geologisk karta, om 
en geolog vid en resa till Italien till 4ventyrs skulle ha f6r avsikt att ocksa lara kanna 


nagot om landets geologi. 
Gunnar Kautsky 
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Motet den 3 mars 1960 


Narvarande 37 personer. 

Ordféranden, hr Asklund, oppnade sammantradet och meddelade féljande: 

Den 5 februari avled fysikern och sedermera geofysikern professor Gustaf Adolf 
Ising i en alder av 77 4r. Ising var fédd i Finja, Kristianstads lan, den 19 februari 
1883. Han tog fil. kand.-examen i Uppsala 1903 och fil. lic.-examen vid Stockholms 
Hégskola 1910. Ar 1919 disputerade han pa en avhandling »Undersékningar éver 
galvanometrar>, samt blev darvid docent vid Hégskolan och var aren 1920—28 t. f. 
professor i fysik vid Hégskolan. Ar 1934 tillades han professors namn. Aren 1945—1953 
var han speciallarare i geofysikalisk malmletning vid Tekniska Hégskolan. Det fr en 
rik forskargérning som Ising presterat, vilken pa flera omraden nar in pa geologiens 
landamaren. Under Stockholms Hégskole-tiden konstruerade han bland annat en porta- 
bel gravimeter, som fér faltbruk fick stor betydelse for de tidigare gravimetriska under- 
sokningarna i vart land, bl. a. i Skane. Under 1930-talet inredde Ising ett geofysikaliskt 
laboratorium i sin villa i Djursholm, dar en rad betydelsefulla arbeten utférdes. Har 
fullandades vad som i dag betecknas som Isinggravimetern. Har upptogos undersék- 
ningarna av den varviga lerans magnetiska egenskaper i syfte att bestamma det jordmag- 
netiska faltets riktning vid tiden for lerans avsattning. Med utg&ngspunkt fran De Geers 
lervarvskronologi gavs darvid en metod for studiet av jordmagnetismens sekulara varia- 
tioner. I évrigt gavo undersédkningarna uppslag for en objektiv bestamning av varvs- 
granserna m. m. Undersékningarna fa betraktas som banbrytande fér en fortsatt 
forskning. — Efter gravimetern utvecklade Ising en ny princip for magnetometern 
med anvandande av torsionsband och han angav darmed den nya utformningen av in- 
strumentet. 

Hans studier 6ver den Brownska rérelsen syftade till konstruktion av hégkansliga 
galvanometrar, och hans tidigare forskning dver elektriskt laddade partiklars accelera- 
tion hade principiell betydelse for utformandet av cyklotronen. Sarskilt for de sistnamn- 

da pionjarinsatserna tilldelades Ising 4r 1954 Vetenskapsakademiens Svante Arrhenius- 
medalj. 

Geologiska Foreningen tillhérde han sedan 1937. Han hade genom 4ren vissa foérbin- 
delser med geologkretsar och besékte Geologiska Foreningen, nar nagot 4mne avhand- 

- lades, som lag hans egen forskning nara. Vi minnas med vanskap och saknad hans for- 
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synta stilla vasen och skarpa intelligens. — Frid 6ver Gustaf Isings minne. 

Styrelsen har till ledamot av Foreningen invalt fil. stud. Bo Meierhoffer, Stock- 
holm, fdreslagen av hrr Lundegardh och Ahman. 

Direfter upplastes revisionsberattelsen dver 1959 ars forvaltning och tillstyrktes revi- 
sorernas forslag om ansvarsfrihet. 

Ordet dverlamnades sedan till hr P. H. Lundegardh, som holl ett med talrika farg- 
bilder och kartor illustrerat foredrag med titeln: Sedimentbergarterna i Harnéseriens 
botten och deras omvandling. I anledning av féredraget yttrade sig hrr Asklund, 
Gavelin, G. Kautsky, N. H. Magnusson och foredragshallaren. 


Motet den 7 april 1960 


Narvarande 56 personer. 

Ordféranden, hr Asklund, 6ppnade sammantradet och anfoérde féljande: 

Sedan Foreningens sista sammantrade har budet ingatt att dess ledamot bergsin- 
genjoren Halvar Loéwenhielm avlidit den 20 mars. 

Carl Gustaf Halvar Léwenhielm var fodd i Askers socken, Orebro lan, den 4 maj 
1887. Han utexaminerades fran Kungl. Tekniska Hégskolans bergsavdelning ar 1911. 
Efter konditioner som gruvmatare i Malmberget samt som bitradande gruvingenjor 
vid Filipstads Bergslags gemensamma férvaltning blev han gruvchef vid Langgruve 
Bolag med Langgruvan och Lévsvedsgruvan aren 1916—1927. Ar 1927 blev han fér- 
valtare och chef for SKF Hofors Bruks gruvavdelning, omfattande Nyangsgruvan och 
Storstrecksgruvan under arbete. Denna befattning lamnade han med pension ar 1952 
samt blev ar 1953 verkstallande direktér for AB Smalands Taberg. — Sin stérsta in- 
sats gjorde Léwenhielm som chef och ingenjor vid SKF-gruvorna, vilka under hans tid 
utvidgades med flera nya malmfalt. Under hans tid intraffade i samarbete med Bolidens 
Gruvaktiebolag den betydelsefulla upptackten av den nu igang varande gruvan Vinges- 
backe i Torsakers s:n, som medfort en hégst vasentlig forstoring av SKF:s malmbas. 

Léwenhielm gjorde redan tidigt flera viktiga maskinkonstruktioner for anrikning, 
bland andra en magnetisk malmseparator, Lowenhielmseparatorn, som fatt spridning: 
langt dver Sveriges granser. Han stod hela livet geologkretsen nara. Ett uttryck harfor 
var hans insats att tillvarataga ett viktigt mineralfynd i Storstrecksgruvan, dar en kristall- 
grotta med osedvanligt stora och ytrika kalkspatkristaller antraffades, och vilket stora. 
fynd ar 1937 dverlamnades till Riksmuseets mineralogiska avdelning. I samband darmed 
erhéll L6wenhielm Kungl. Svenska Vetenskapsakademiens Linnémedalj i silver. 


; 
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Halvar Léwenhielm blev medlem i Geologiska Féreningen ar 1912. Han var en du- 
gande man, vansiall och glad och efterlamnar i vankretsen, som det var Aven mig forun- 
nat tillh6ra, minnet av en sann riddersman. 

Jag lyser frid éver den bortgangnes minne. 

Till ledamot av Foreningen har styrelsen invalt tekniker Jan-Olof Jonasson vid 
S. G. U., Stockholm, féreslagen av hr B. Dahlman och frdken Anne Reintamm. 

Professor Erik Norin, Uppsala, har uppvaktats med telegram pa sin 65-arsdag den 15 
mars. Tackskrivelse har ingatt. 

Statsgeologen Fritz Brotzen har utsetts att representera Geologiska Foreningen vid 
Institut de Géologie 40-arsjubileum i Warschava den 10—16 maj 1960. 

I anledning av en vadjan fran Massachusetts Institute of Technology om ett bidrag 
till »The Waldemar Lindgren Memorial Fund», som grundats p& 100-arsdagen ay var 
frejdade landsmans och korr. ledamots fédelse upptogs en kollekt, som inbringade 
kr 66:10. 

Ordet 6verlamnades darefter till dr phil. Tore Gjelsvik, Oslo, som héll ett med kartor 
och talrika ljusbilder illustrerat foredrag med titeln: Kisproblemet i den kaledonske 
fjellkjede. I anledning av foredraget yttrade sig hrr N. O. Bergquist, J. Eklund, E. Grip, 
G. Kautsky och foredragshallaren. 


Hr Grip tackade fér den utmarkta dversikten ver de norska kismalmerna i fjallked- 
jan och konstaterade hur lika kismalmer Ar vilken alder de an har. Salunda kunde man 
peka pa vasentliga likheter mellan de norska kaledoniska malmerna och Skelleftefaltets 
kismalmer. Ett pafallande drag hos bada 4r zink-kopparfordelningen i malmerna. Som 
foredragshallaren visat, finns i Skorvas en tydlig uppdelning i zinkrika och kopparrika 
partier. De bada metallerna trivs inte ihop och det finner man ocksa i Skelleftefaltet. 
Om man ritar kurvkartor 6ver metallhalterna ser man tydligt, hur omraden med hogre 
kopparhalter visar laga zinkhalter och tvartom. Ofta kan man visa, hur uppdelningen 
i olika fraktioner kommit till i samband med tektoniska rorelser och 6ver huvud taget 
har sadana spelat en mycket stor roll under malmbildningsprocesserna. I Kristineberg 

_t. ex. kan de tre vasentliga malmtyperna direkt sattas i forbindelse med tre tektoniska 
faser med olika tryckriktning. Kanske nagot liknande forekommer i de norska kismal- 
merna! 


Geolognytt 


Till e. 0. statsgeolog vid Sveriges geologiska undersokning har férordnats e. statsgeo- 
logen fil. lic. Hans Sarap. 
Till den ledigférklarade professuren i geologi, sarskilt petrografi och mineralogi, vid 
Uppsala universitet har féljande s6kande anmialt sig: 
Docenten fil. dr Otto Brotzen, Stockholm 
Fil. dr Nils Edelman, Boliden 
Docenten, Dr phil. fil. lic. Hans J. Koark, Uppsala 
Docenten fil. dr Pontus Ljunggren, Lund 
Statsgeologen, docenten fil. dr Per H. Lundegardh, Danderyd 
Professorn Dr rer. nat. Otto Mellis, Stockholm 
Statens naturvetenskapliga forskningsrad har tilldelats prof. Erik Norin och laborator 
- Sten Florin ett anslag for sedimentologiska och granulometriska undersékningar. 
~ Fil. dr Vladi Marmo har forordnats till chef for Finlands geologiska forskningsanstalt. 
Docenten och Intendenten Erik Jarvik har utnamnts till professor vid Naturhisto- 
-riska Riksmuseet. : j 
Prof. E. Norin, Uppsala, har foreslagit prof. Hans Ramberg, Minas Gerais, att 
‘kallas till den vid Uppsala universitet ledigférklarade professuren i geologi, sarskilt 
- petrografi och mineralogi. Till sakkunniga har utsetts professorerna S. Gavelin, S. 


-Hjelmqvist och F. E. Wickman. 


7 
@ a 4 


ey - Se 


316 GEOLOGNYTT [Bd 82 H. 2 


Sveriges geologiska undersdknings faltarbeten 1960 


Professor G: Lundqvist leder rekognosceringen av jordartskarta 6ver Gavieborgs Jan. 
Extrageologer: R. Bergstrém, P. Engqvist och S. Holmberg. 

Professor B. Asklund utfor detaljkarteringar i Tasjé-omradet och norra Jamtland betr. 
den kambriska lagerféljden for karta och beskrivning éver fjallkedjeranden. Dess- 
utom pabérjar han 6versiktskartering inom sddra delen av Jamtlands lan. 
Extrageolog: A. Stromberg 
Avslutar forberedelserna fér exkursion A24, C19 tillsamman med e. statsgeologen 
P. Padget och geologen G. Stalhos. 

Statsgeolog O. Kulling avslutar berggrundsrevisionen i norra delen av fjallkedjan mel- 
lan Tornetrask och Akkajaure. 

Extrageologer: N. Marklund och S. Yngstrom 
Avslutar forberedelserna for exkursionerna A25, C20 

Statsgeolog F. Brotzen avslutar forberedelserna for exkursion A21, C16 tillsammans med 
fil. dr B. Lundblad. 

Statsgeolog W. Larsson utfor berggrundsrevision 4 kartbladet Falkenberg samt speciella 
berggrundsgeologiska undersdkningar for K. Vattenfallsstyrelsen. 

Avslutar forberedelserna for exkursion C27 tillsammans med professor H. von 
Eckermann. _ 

Statsgeolog P. H. Lundegardh leder berggrundsrekognosceringen 1 Gavleborgs 1an. 
Extrageologer: R. Gorbatschev, B. Lindqvist, Th. Lundqvist och N. B. 
Svensson. 

Avslutar forberedelserna for exkursion A28, C23 tillsammans med professor S. Ga- 
velin. 

Statsgeolog S. Fromm utfor kvartargeologiska specialundersdkningar i norrlandska 4lv- 
dalar. 

Laborator S. Werner leder och samordnar samtliga geofysiska arbeten for malmlet- 
ningen. 

Statsgeolog E. Mohrén utfor hydrologiska undersokningar i NV Skane samt deltar i for- 
beredelserna for exkursion A20. 

Statsgeolog G. Kautsky leder och samordnar samtliga malmletningsarbeten samt 
innehar den direkta ledningen for de malmgeologiska arbetena i fjalltrakterna. 
Extrageologer: B. Meyerhoffer, R. Randmetz, E. Zackrisson. 

Avslutar forberedelserna fér exkursion A32, C26 tillsammans med e. statsgeolog 
R. Frietsch och geolog E. Ahman. 

Statsgeolog J. Lundquist leder jordartskarteringen inom Jamtlands lan samt utfor spe- 
cialundersokningar i vissa norrlandska alvdalar. 

Extrageologer: H. Bredhe, P. Svensson, S. Svensson; A. Wikstrém. 
Avslutar forberedelserna for exkursion C15 tillsammans med statsgeolog E. Fromm 
och geolog H. Moller. 

E, o. statsgeolog B. Dahlman l\eder specialundersokningar rérande Sveriges alunskiffrar. 

E. o. statsgeolog H. Sarap \eder de malmgeologiska arbetena i Vasterbottens urberg. 
Extrageolog: B. Meyerhdffer. 

E. statsgeolog R. Frietsch leder de malmgeologiska arbetena i Norrbottens lans ur-- 
berg. 

Extrageolog: F. Back, 
Deltar i forberedelse for exkursion A32, C26 

E. statsgeolog P. Padget \eder de malmgeologiska arbetena i sddra Norrbotten. 
Extrageolog: M. Johansson. 

He statsgeolog H. Tullstrom leder unders6kningar i Géta alvs dalgang, utfér hydrogeolo- 
giska undersdkningar i NO Skane samt fér vissa uppdragsgivare. . 
Extrageolog: L. Tullstrém. : . 
Avslutar férberedelserna for exkursion A20 tillsammans med docent C. Caldenius. 
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och statsgeolog E. Mohrén. 

Bergsingenjor O. Back leder diamantborrnings- och blottningsarbeten samt transporter 
i Norrland. 

Geolog B. Jarnefors leder jordartskarteringen 4 geologiska kartbladet 10I Stockholm 
SV. 


_ Extrageologer: Bestammes senare. 

Geolog E. Ahman foretar tjansteresor i samband med utmalslaggning och inmutnings- 
ge samt utfor specialkarteringar i samband med malmletningsarbeten i Norr- 
land. 

Deltar i férberedelser for exkursion A32, C26 tillsammans med statsgeologerna G. 
Kautsky och R. Frietsch. 

Geofysiker L. Granar leder de geofysiska arbetena i Vasterbottens och Jamtlands lan 
samt i sodra Norrbotten. 
Extrageofysiker: L. Denslow. 

Geolog G. Stalhés utfér berggrundsrevision 4 kartbladet 101 Stockholm NO och leder 
berggrundsgeologiska undersdkningar for kartbladen 101 Stockholm NV samt 101 
Stockholm SV. 

Extrageolog: O. Kint. 

Geofysiker J. Espersen leder de geofysiska arbetena for LKAB. 

Geokemist K. Fredriksson utfor forsék rorande geokemisk prospekteringsmetodik i Vas- 
terbotten. 

Medhjalpare: I. Lindgren. 

Geolog H. Miller \eder jordartskartering pa geologiska kartbladet 10I Stockholm NV, 
avslutar revisionen a 10I Stockholm NO samt leder kurs fér nya extrageologer 
inom Stockholmsomradet. 

Extrageologer: L. Andersson, K. A. Kornfalt, I. Lindqvist och U. Miller 
samt efter genomgangen extrageologkurs B. Baveryd, H. Martensson, S. Rydstrém. 
I arbetet deltar 4ven exp.vakt R. Svensson. 

Utfor specialundersokningar i Luledalens nedre del. 

Forbereder exkursion C15 tillsammans med statsgeolog J. Lundqvist. 

Geolog G. Nilsson utfér malmgeologiska undersékningar i Ovre Norrland. 

Geolog S. Holmberg utfor torvunders6kningar i Gavleborgs och Jamtlands lan. 

Geolog A. Reintamm utfor specialundersékningar rérande Sveriges alunskiffrar. 

Geolog T. Parak utfér malmgeologiska undersékningar for LKAB. 

Geolog S. Henriksen utfér malmgeologiska undersokningar for LKAB. 

Assistent C. Larsson utfor torvmarksundersékningar for jordartskartan 6ver Gavleborgs 
lan och 4 kartbladen 10I Stockholm NO resp. NV. 

Bitrade: K. A. Malmsten. 
Assistent A. Theolin utfor malmgeografiska arbeten i Ovre Norrland. 
Ingenjér B. Karlemo utfor geofysiska arbeten i Ovre Norrland. 


Vidare medverkar féljande personer i faltarbetet: 


Professor S. Hjelmqvist, Lund, kollationerar samman med statsgeolog P. H. Lunde- 
gardh bergartstyper och bergartsgranser i norra delen av Kopparbergs Jan och 
nordvastra delen av Gavleborgs 1an. 

Docent H. Koark, Uppsala, slutfér strukturundersokningar i Norra Karr-omradet. 


4 Nedanstiende, ej vid SGU anstallda personer, som deltager i avslutandet av forberedel- 
serna for exkursioner i samband med internationella geologkongressen 1960, erhaller 


darvid resebidrag fran SGU: 


| Docent GC. Caldenius, Geol. Inst., Stockholms hégskola, for exkursion A20, se Tullstrom. 
Professor H. von Eckermann, Edeby gard, Ripsa, for exkursion C27. 
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Professor 8. Gavelin, Miner. Inst., Stockholms hégskola, for exkursion A28, C23 och i 
samband darmed berggrundsgeologiska undersékningar i Vasterviksomradet. 

Docent J. E. Hede, Paleont. Inst., Lund, for exkursion A22, Give 

Docent W. Jaanusson, Paleont. Inst., Uppsala, for exkursion A23, C18, se Thorslund. 

Docent M. Lindstrém, Paleont. Inst., Lund, fér exkursion A22, C17, se Kulling resp. 
Reegnéll. 

Professor N, H. Magnusson, Valhallavagen 46, Stockholm Va, for exkursion A26, C21. 

Professor G. Regnéll, Paleont. Inst., Uppsala, for exkursion AD? Give 

Professor P. Thorslund, Paleont. Inst., Uppsala, for exkursion A23, C18. 


Dr phil. Tore Gjelsvik, Sandvika, har utnamnts till direktér vid Norsk Polarinstitutt, 
Observatoriegt. 1, Oslo. 


Rattelse 


I slutet av medlemsférteckningen, h 1, s. XVI, har genom ombrytningsfel oriktiga 
rubriker kommit att tryckas. I st. f. Ledamot invald den 4 februari 1960 skall sta Leda- 
méter invalda den 7 januari, och i st. f. Ledaméter invalda den 4 februari 1960 skall sta 
Ledamot invald den 4 februari 1960. 


Typ X60 U 


PROSBERSDACD ae itn ee ere aoa rate ees 40 m 
ae, MA IELAT IV C1 epee eee Cicinicscie sei soo ogee 125 m 
X—4, luftdriven, for spranghalsborrning .... 100 m 
XC—33,5, XC—42, el-, luft- eller kilremsdri- 

ven, for spranghalsborrning........-.....-. 125 m 
XM Crd 3p —A ep lacmpmterad :. 2.5% -.6.5. 250 m 
XC—60 H, XC—90 H, sladmonterad......... 300 m 
XF—60 H, XF—90 H, sladmonterad......... 600 m 
XH—60 H, XH—90 H, sladmonterad........ 900 m 
Ee OO EL eis ote ey ART ee Le BI TR 1200 m 
DAS Pal ia pl be Sere ge ac n Pacac aac Cie a a 2000 m 
pee rn eee ae fe cw neces wie ne Maes 350 m 
epee Pils ec eg ee OP Or Oe ae 1200—1500 m 
EG 5 es pe ere Sere rte ar 3000—3500 m 
Bet Al B42 See hee Pas de ncetine 3000—4000 m 


SVENSKA DIAMANTBERGBORRNINGS AB 


Kungsgatan 44, Stockholm — Postbox 3113, Stockholm 3 
Telegram: Adamante — Telex: 1459 — Telefon: 2333 80 


KARNBORRMASKINER 


Vi utfor dven under- 
sokningsborrningar och 
brunnsborrningar pa 
kontrakt med egna 
maskiner och erfaren 
personal. 
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utter GEOFYSISKA UNDERSOKNINGAR 


FRAN LUFTEN for Malmletning 

SILAS, for Oljeletning 

UNDER VATTEN 

| BORRHAL for Byggnadsprojektering 
tillverkar och forsaljer j 

Magnetometrar E. M. Gun, Turam och Kompensator 

Gravimetrar Apparatur for sjdlvpotential- och 

Oscillografer jordmotstandsma@tningar 

Galvanometrar Seismisk apparatur for re- 

Transistor- flexions- och refraktions- 

omvandlare matningar 
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NORDISKA BOKHANDELN 
Hornet Drottninggat -Fredsgat. 
Postadress: Stockholm 1 
Telefon : 23 8400 


GEOLOGISKA FORENINGENS I STOCKHOLM FORHANDLINGAR 
utkommer med 4 haften Arligen (januari, mars, maj, november ). Prenumeration mot- 
tages genom Nordiska bokhandeln, Stockholm 1, tel. 23 84 00 (vaxel). 


Bd 1—31 420 kr. Bd 71—73 a 20 kr. Generalregister till 
» 32 » 60 » » 74—78 » 30 » Bd 22—31 A 6 kr. 
» 33—65 » 20 » » 79—80 » 40 » » 32—41 » 6 » 
» 66 » 30 » Generalregister till » 42—50 » 6 » 
» 67—69 » 20 » Bd 1—5 a 3 kr. » 51—60 » 6 » 
» 70» 25 » » 6—10» 10 » » 61—70 » 10 » 
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Lésa haften av alla banden férsaljs till pris beroende pA haftenas omfang. 

Medlemmar av Foreningen erhalla genom skattmistaren de aldre banden av Fér- 
handlingarna och Generalregistret till halften av det ovan upptagna bokhandelspriset. 
A lésa haften lamnas ej prisnedsattning. (Styrelsens beslut d. *7/10 1922.) 


Geologiska Féreningens sekreterare, Fil. Lic. Err Auman och redaktér, Docent 
P. H. LunpecArou, traffas i Féreningens angelagenheter 4 Sveriges Geologiska Under- 
s6kning, tel. 34.97 90, sakrast tisdagar och torsdagar kl. 13—14. 

F6reningens ordinarie méten ager rum férsta helgfria torsdag i manaderna 
februari, mars, april, maj, oktober, november och december. Januarimétet hAlles pa 
den torsdag, som infaller under tiden 10—16 jan. Anslag om foéredragnings- 
listan finns minst 3 dagar fore sammantradet uppsatta pa anslagstavlorna 4 ett antal 
offentliga institutioner med geologisk anknytning i Stockholm, Uppsala och Lund. 

Personlig kallelse till sammantradena utfardas till ledaméter, som sA dnskar, 
samt till dem, som Ar bosatta i Stockholmsomradet. 

Uppsatser, avsedda att inf6ras i Férhandlingarna, insdnds till Féreningens redaktor, 
Stockholm 50. Atféljande tavlor och figurer skall vara fullt fardiga till reproduk- 
tion, da de sands jamte uppsatsen. 

I Férhandlingarna m4 uppsatser inf6ras antingen pa skandinaviskt sprak eller pa 
engelska, franska eller tyska. Foérfattare ar skyldig att i det férra fallet bifoga dversatt- 
ning av titel och figurtexter samt abstract pa engelska, franska eller tyska. 

Manuskript, skrivet pa frammande sprak, skall vara granskat av sakkunnig sprak- 
man. Meddelande harom gars till redaktéren. 

Om korrektionskostnaderna for inférd uppsats uppgar till mera 4n 24 kronor pr 
tryckark, ar férfattare skyldig att erlagga det dverskjutande beloppet, savida det uppgar 
till minst 10 kr pr uppsats. 

Forfattare erhaller gratis av inforda uppsatser 100 separat i omslag med titel; ytterli- 
gare ex. betalas av forf. Av notiser, anmalanden och foredragsreferat lamnas separat 
enaast efter sarskild Gverenskommelse. 

Referat honoreras salunda (Foren. beslut *°/1 1958): 

1 :sta sidan eller del darav efter 40 Gre pr tryckrad, 2:dra sidan efter 30 och 3:dje sidan 
eller del darav efter 20 dre pr tryckrad. Féljande sidor honoreras icke. 

Anmialan om féredrag och meddelanden girs i god tid hos sekreteraren. 

Ledamiternas Arsavgifter, vilka enligt § 7 av Féreningens stadgar skall vara er- 
lagda senast den 1 mars, inbetalas 4 postgiro 2108, Geologiska Foreningen, Stockholm 
50, eller insands till skattmastaren, Intendent O. GasRIELson, Stockholm 50, till 
vilken aven lamnas uppgifter om andring av adresser och titlar. 

Arsavgiften utgér kr 25:—, avgift sasom standig ledamot kr 300: — 
Ledamot, som under en féljd av minst 20 Ar erlagt arlig ledamotsavgift, kan bli standig 
ledamot mot en avgift av kr 150:—. Ledamot, som under 50 4r erlagt arlig avgift, ar 
befriad fran ytterligare arsavgifter till Foreningen. 

Postadress: Geologiska Féreningen, Stockholm 50. Postgiro: 2108. "Telefon. 3497 90. 
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